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Introduction 
People studying and collecting sedimentary rocks, 
minerals, and fossils in eastern Nebraska often find that 
locating rock exposures can be difficult. Most of the 
rolling hills in the eastern sixth of the state are underlain 
by thick, interlayered, glacial deposits, loess (wind-
blown silt), and alluvium (stream-deposited sediments) 
of very young geologic age (fig. 1). These sediments 
cover the bedrock in most of that area. 
Natural exposures and human excavations of bed-
rock are mostly confined to the sides and floors of 
stream valleys. However, in the southeasternmost 
counties of the state, the younger sediment cover is 
commonly thin or absent. Pawnee and Richardson 
counties are particularly good places to look at bedrock 
exposures because natural outcrops and those made 
by humans are so common. 
Rocks of Late Paleozoic age, belonging to the Penn-
sylvanian and Permian systems, are exposed at the 
surface in Pawnee and Richardson counties (figs. 2, 
3). These rocks include sandstone, siltstone, claystone, 
shale, limestone, and coal. They are usually in nearly 
horizontal layers, except where they have been de-
formed by folding or faulting along the Humboldt Fault 
Zone (fig. 2), which runs north to south in western 
Richardson County. 
Massive limestones form ledges, which are some-
what more resistant to erosion than the other rock 
types just mentioned and often cap the tops of hills in 
this area, just as they do farther to the south in Kansas. 
In fact, if the younger deposits were removed, much 
of the area in eastern Nebraska would resemble the 
surface features of Nemaha and Brown counties in 
eastern Kansas. 
Early in the study of the Pennsylvanian and Permian 
rocks of eastern Nebraska, geologiSts recognized that 
these strata included certain repetitions of sedimentary 
rocks. They also recognized that certain kinds of fossils 
were restricted to particular kinds of rock and that these 
fossils occurred in repetitive sequences when such rocks 
were present. 
The objectives of this educational circular are: 1) to 
describe the repetitive sequences of Pennsylvanian and 
Permian rock types seen in Pawnee and Richardson 
counties; 2) to describe the kinds of fossils found in 
each kind of rock; 3) to explain how the fossils and 
rocks can be used to interpret the causes of these 
deposits and the ancient environments about 300 mil-
lion years ago; and 4) to provide a guide to Significant 
surface exposures. 
The rocks and fossils in the Pennsylvanian and Per-
mian strata of Pawnee and Richardson counties can 
be examined at a number of localities. These places 
can be visited during a one- or two-day trip to the area. 
Most of these sites are on public land, but a few are 
on private land. You must get the landowner's per-
mission before you visit a private locality. The route of 
the field trip is shown on figure 4. DRIVE CARE-
FULLY! 
Also keep in mind that the appearance of rock out-
crops can change because of erosion, slumping, and 
removal of material for construction. 
1 
Appendix I offers information on the rock units seen 
on this field trip. Appendix II is a road-log for the route 
you will travel. Appendix III is a glossary of terms used 
in this circular. 
We hope that you will find this educational circular 
and the field trip as interesting as we did when we put 
it together. The questions addressed in the circular are 
those asked by geologiSts. Part of the fun of your ex-
perience will be to check our observations and perhaps 
produce alternative answers and other questions that 
we have not asked. Enjoy your trip. 
Precautions 
We recommend that you take the following precau-
tions if you take the field trip outlined in this educational 
circular: 
1. Always get permission from the property owner 
before going on private land. 
2. Do not collect anything in state parks. 
3. Be careful when you go into areas unfamiliar to 
you. Poison ivy, poison oak, and other irritating 
plants abound. Insects such as ticks, bees, wasps, 
ants, and mosquitoes can be annoying or even dan-
gerous. Scorpions may be present. Poisonous 
snakes such as eastern rattlesnakes and copper-
heads may be present in some parts of Richardson 
and Pawnee counties. Try to avoid all of these, and 
try not to harm them. 
4. Rock exposures change with time. If dangerous ov-
erhanging ledges develop at a locality, do not go 
near them. Erosion and construction can alter the 
appearance of a rock exposure, so when you reach 
an outcrop, you might not see a sight identical to 
that illustrated in this volume. 
5. Wear protective glasses and hard hats when work-
ing at rock exposures and when breaking rocks to 
obtain specimens. 
6. Obey the traffic laws of the state of Nebraska and 
the cities and towns through which you will be driv-
ing. 
The American Federation of Mineralogical SOcieties, 
a group of six regional federations comprised of 
hundreds of gem and mineral clubs in the United States, 
has developed a code of ethics for collectors and field-
trip participants. It is printed below. We suggest you 
follow it on your outing. 
The American Federation of Mineralogical Societies 
Code of Ethics 
I will respect both private and public property and will 
do no collecting on privately owned land without 
the owner's permission. 
I will keep informed on all laws, regulations, or rules 
governing collecting on public lands and will ob-
serve them. 
I will, to the best of my ability, ascertain the boundary 
lines of the property on which I plan to collect. 
I will use no firearms or blasting material in collecting 
areas. 
STATE OF NEBRASKA 
CONSERVATION AND SURVEY DIVISION 
UNIVERSITY OF NEBRASKA, LINCOLN 
V. H . DREESZEN, Director 
1973 
_ Valleys-flat-lying land along the major streams. The ma-
terials of the valleys are stream-deposited silt, clay, 
sand, and gravel. 
D Valley-Side Slopes-moderately sloping land which occurs 
between the escarpments and the major stream valleys 
in western Nebraska. These areas are mostly siltstone 
bedrock covered by a few feet to a few tens of feet 
of sand. Qravel. or silt. 
EXPLANATION 
r---I Large Reservoirs-constructed for purposes such as water 
L---..l storage for irrigation, generation of electricity, flood 
control, or recreation 
c=J Plains-flat-lying land which lies above the valley. The ma-
terials of the plains are sandstone or stream-deposited 
silt, clay, sand, and gravel overlain by wind-deposited 
silt (loess). 
D Dissected Plains-hilly land with moderate to steep slopes, 
sharp ridge crests, and remnants of the old, nearly level 
plain. The Dissected Plains are old plains eroded by 
water and wind. 
D Sand Hills-hilly land composed of low to high dunes of 
sand stabilized by a grass cover. The sand dunes mantle 
stream-deposited silt, sand and gravel, and sandstone. 
Fig. 1. Topographic regions of Nebraska. 
r---I Rolling Hills-hilly land with moderate to steep slopes and 
L---..l rounded ridge crests. In eastern Nebraska, the Rolling 
Hills are mostly glacial till that has been eroded and 
mantled by loess, while in northwestern Nebraska the 
hills were produced by the erosion of clay and clay-
shale beds. 
_
Bluffs and Escarpments-rugged land with very steep and 
irregular slopes. Bedrock materials, such as sandstone, 
shale, and limestone, are often exposed in these areas. 
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MINERAL RESOURCES 
AND PRODUCTS 
Agricultural soil, water, sand & grovel, 
volcanic ash . 
Agricultural soil, water, sand & gravel, 
volcanic ash, riprap & uranium. 
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the direction of the general forward progress of the trip start-
I will cause no willful damage to property of any kind-
fences, signs, buildings, etc. 
I will leave all gates as found. 
I will build fires in designated or safe places only and 
will be certain they are completely extinguished 
before leaving the area. 
I will discard no burning material-matches, cigarettes, 
etc. 
I will fill all excavation holes which may be dangerous 
to livestock. 
I will not contaminate wells, creeks, or other water 
supplies. 
I will cause no willful damage to collecting material and 
will take home only what I can reasonably use. 
I will support the rockhound project HE.L.P. (Help 
Eliminate Litter Please) and will leave all collecting 
areas devoid of litter, regardless of how found. 
I will cooperate with field trip leaders and those in 
deSignated authority in all collecting areas. 
I will report to my club or federation officers, Bureau 
of Land Management, or other proper authorities, 
any deposit of petrified wood or other material on 
public lands which should be protected for the 
enjoyment of future generations for public, edu-
cational and scientific purposes. 
I will appreciate and protect our heritage of natural 
resources. 
I will observe the "Golden Rule," will use "Good Out-
door Manners" and will at all times conduct myself 
in a manner which will add to the stature and 
"Public Image" of rockhounds everywhere. 
CycliC Sedimentation 
Development of the Concept 
Imagine that you are a geologist assigned to study 
the geology of an area that has been researched little 
or not at all. Further imagine that you have little knowl-
edge of the area you are about to study. How would 
you undertake such an investigation? First, you would 
find out as much about the area as possible by reading 
books about investigations that have been previously 
done on similar sequences of rock. You would deter-
mine whether any exploratory boreholes had been 
drilled in this area and where information and samples 
from any wells in the area are kept. Then you would 
visit the area and do a reconnaissance of it, including 
locating all natural surface exposures of rock and all 
those of human origin, as well as any underground 
mines. Next, you would begin a systematic study of 
the area using all information at hand, measuring and 
describing the strata. Finally, you would put all of your 
information together in an integrated report. 
J. A. Udden (1912), a professor at the University of 
Illinois, followed a similar procedure in his investigation 
of the Peoria, Illinois, area. Udden described coal-bear-
ing Pennsylvanian rocks of the country around Peoria 
that are similar to those exposed in eastern Nebraska. 
He discovered that the Illinois strata contained 20 rock 
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units that could be divided into four sedimentary cycles. 
He proposed that each of the cycles began with dep-
osition of plant debris that later was formed into coal 
after the sediment was buried and compacted. These 
deposits are overlain by limestones or limey (contain-
ing much calcium carbonate) clays containing marine 
fossils. Above the limestones or limey clays are sand 
and silt deposits that are in tum overlain by clays and 
shales. Udden felt that the four cycles in the Peoria 
area were due to recurrent Sinking of the area accom-
panied by sediment deposition. 
Other reports on the Pennsylvanian rocks of the 
Midcontinent, including those in Nebraska and Kansas, 
were published in the late 1920s. Significant work in-
cluded that by G. E. Condra (1927), the first director 
of the Conservation and Survey Division (Nebraska 
GeolOgical Survey), on the Pennsylvanian stratigraphy 
of Nebraska and by R. C. Moore (1929), the state 
geologist of Kansas, on Pennsylvanian life and envi-
ronments in North America. The latter work was one 
of the earliest efforts at paleoecological analysis (the 
study of ancient ecology) of Pennsylvanian rocks. 
Many publications in the 1930s addressed the ge-
ology of Pennsylvanian rocks of the Midcontinent. For 
example, J. M. Weller (1930), a researcher with the 
Illinois GeolOgical Survey, revised Udden's ideas on 
the cyclic nature of the Pennsylvanian deposits in Il-
linois. Weller began each cycle of sedimentation with 
a break in deposition or an unconformity (surface of 
erosion or nondeposition) followed by deposition of 
eight distinctive rock units listed below from the top 
downward: 
Marine (8): Shale, containing "ironstone" bands in 
upper part and thin limestone layers in 
lower part 
Marine (7): Limestone 
(6): Calcareous (up to half calcium carbon-
ate, CaC03 ) shale 
(5): Black fissile (splits along very thin layers) 
shale 
(4): Coal, continental (from sediments de-
pOSited on land) 
(3): Underclay, not uncommonly containing 
concretionary or bedded freshwater 
limestone 
(2): Sandy and micaceous (containing mica) 
shale 
(1): Sandstone 
Unconformity 
Weller called each successive cycle separated by un-
conformities a formation (now used for a body of rock 
identified by its physical characteristics, mineral com-
position, and stratigraphie position). Furthermore, 
Weller pointed out that many units were traceable across 
one or more states. 
Later in 1930 researchers on Pennsylvanian rocks 
in the eastern and central United States reported on 
their studies at a major meeting held in Illinois. In a 
publication resulting from that meeting, Weller (1931) 
increased his typical eight-unit cycle to nine by making 
the freshwater limestone a separate bed. Moore (1931) 
described sequences in Iowa, Missouri, Nebraska, and 
Kansas, and compared the characteristics of the more 
marine deposits of these states with the more conti-
nental cycles of equally old beds from Illinois eastward. 
Moore also reported on the subdivision of sequences 
into formations composed of a predominant rock type 
such as limestone or shale. Moore subdivided the for-
mations (for example, the Oread Limestone, upon 
which the University of Kansas is established) into lower, 
middle, upper, and super limestones, separated from 
one another by thin shales. 
Wanless and Weller (1932) tried to correlate cyclic 
Pennsylvanian deposits from Illinois to eastern Kansas 
and Oklahoma. In this paper Weller introduced a new 
term, cyclothem, his name for "a series of beds de-
posited during a single sedimentary cycle of the type 
that preVailed during the Pennsylvanian period." Weller 
said that a cyclothem ranks as a formation. 
Obviously, the Pennsylvanian rock formation, or se-
quence, in Illinois was not the same as the term that 
was applied in Kansas and Nebraska. This difference 
was a potential source of problems for geologists who 
were working on correlations or age equivalencies of 
strata from Kansas' to Illinois. 
Moore (1931) recognized this problem and stressed 
the differences between the Illinois and Midcontinent 
sequences, such as the lack of bounding unconform-
ities and the presence of a more dominant marine 
component in the Midcontinent area. He said that each 
cyclic group of beds representing major rock types in 
Kansas should be placed in a cyclothem as they were 
in Illinois (Moore, 1932). He also reclassified the strata 
of the Kansas Pennsylvanian sequence. In 1936, Moore 
produced a detailed classification of the Pennsylvanian 
rocks of Kansas and claimed that there and in adjacent 
states the boundaries between cyclothems cannot al-
ways be precisely determined, but that a formation 
boundary* should be placed at the base of a resistant 
bed (1936). Subdivisions of formations that showed 
lateral persistence (broad geographic extent) were 
classified by Moore as members. The succession of 
members was compared to an ideal sequence of mem-
bers composing an ideal cyclothem. These members 
were designated by a numbered sequence similar to 
the Dewey Decimal System. Youngest to oldest, this 
classification is as follows: 
Moore's Members of an Ideal Cyclothem 
.9) Shale (and coal) 
.8) Shale, typically with molluscan fauna (animal 
life, in this case, fossilized) 
. 7) Limestone, algal, molluscan, or with mixed mol-
luscan and molluscoid fauna 
.6) Shale, molluscoids dominant 
. 5) Limestone, contains fusulinids, associated com-
monly with molluscoids 
.4) Shale, molluscoids dominant 
.3) Limestone, molluscan, or with mixed molluscan 
and molluscoid fauna 
*Early geologists often used the terms boundary and 
contact interchangeably. In most recent times, the term 
boundary has been used for delineating time units, 
whereas contact has been used to delineate rock units. 
See p. 14. 7 
.2) Shale, typically with molluscan fauna 
.1.c) Coal 
.1.b) Underclay 
.1.a) Shale, may contain land plant fossils 
.0) Sandstone 
Moore thought that the Illinois cyclothem was equiv-
alent mainly to the lower half of his ideal Kansas cy-
clothem. He also described a more complex grouping 
of cyclothems in the Shawnee Group of Late Penn-
sylvanian age, which he called a megacycJothem. This 
repeating sequence of cyclothems included lower, mid-
dle, upper, and super limestone~ach a different type 
from the others. It also included distinctive, intervening 
shale beds (Moore, 1936, fig. Sa). While components 
of the ideal cyclothem were missing from all the cycles 
within the megacyclothem, the general pattern from 
one megacyclothem to the next was essentially similar. 
Weller, Henbest, and Dunbar (Dunbar and Henbest, 
1942) commented further on cyclothems. They 
changed Weller's ideal cycle of sedimentation to a se-
quence of the follOwing members from top to bottom: 
10) Shale with ironstone concretions 
9) Marine limestone 
8) Black sheety shale with black limestone concre-
tions or layers 
7) Impure, lenticular, marine limestone 
6) Shale 
5) Coal 
4) Underclay 
3) "Freshwater" limestone 
2) Sandy shale 
1) Sandstone, locally unconformable on underly-
ing beds. 
They didn't explain the additions and deletions to 
the new ideal cyclothem, but they did say that some 
beds are too thin or indistinct to be recognized. 
Moore (1949a) discussed the divisions of the Penn-
sylvanian System in Kansas in which he updated his 
work of 1936, revising definitions of the strata by the 
Kansas Geological Survey and several other geological 
surveys in the Midcontinent. He discussed cyclothems 
in several places in the report and added some new 
information. The basal Pennsylvanian Cherokee Group 
has black shale directly above coal in each cyclothem. 
Megacyclothems were now recognized in the Mar-
maton, LanSing, Kansas City, and Shawnee groups 
(Moore, 1949a, figs. 18-19, figs. 30-31). While the 
Wabaunsee Group (Moore, 1949a, figs. 36-37) con-
tains distinct cyclothems, no megacyclothems were 
recognized. He did not refer to his earlier lower, middle, 
upper, and super limestones. Moreover, the bounda-
ries of cyclothems rarely coincide with boundaries of 
formations and members . 
Moore and Wanless (1950) each wrote papers on 
cyclic sedimentation for the International Geological 
Congress. Moore resurrected Reger's (1931) term 
phantom for missing units in a cyclothem and de-
scribed quite clearly the simple and complex cyclic 
sequences of the Midcontinent. He also showed and 
described the distinctive characteristics of the first, sec-
ond, and third limestones of each correlated mega-
cyclothem. Furthermore, he recognized a fifth limestone 
in some megacyclothems. Wanless reviewed possible 
mechanisms for creating cyclothems and attempted to 
correlate a cyclothem from Pennsylvania to Oklahoma 
(1950). 
Weller (1958) continued the discussion of cyclo-
thems. He reintroduced Moore's usage of lower, mid-
dle, upper, and super limestones, and also added a so-
called fifth limestone. He pOinted out that he initially 
thought his expanded 10-unit illinois cyclothem seemed 
very similar to Moore's megacyclothem, but he then 
recognized cycles of cyclothems---megacyclothems---
in Illinois that were more likely equivalent to Kansas 
megacyclothems. He detailed the similarities and dif-
ferences between the two megacyclothem types. Weller 
felt that the differences could be explained by varia-
tions in paleogeography (ancient geography). Kansas 
seas were deeper and farther from shore for longer 
periods than those in Illinois. Weller also introduced 
the concept of a cycle of four megacyclothems that he 
called a hypercycJothem. 
In 1964 the Kansas Geological Survey published A 
Symposium on Cyclic Sedimentation (Merriam, 1964). 
Numerous authors contributed to the volumes, includ-
ing Moore, Weller, Wanless, Wheeler, Reed, McCrone, 
Wagner, and others who had studied cyclothems for 
decades. Wanless introduced the idea of clastic (made 
up of fragments of pre-existing rocks) wedges from 
river floods on delta outbuilding as producing lateral 
variations in cyclic deposits. (A clastic wedge is a wedge-
shaped deposit in a marine basin derived from a nearby 
land mass.) Weller enumerated the causes for cycloth-
ems suggested by various authors. Other papers are 
equally important and should be read by those inter-
ested in the topic. 
Heckel and Baesemann (1975) reviewed and mod-
ified the megacyclothem concept. They reintroduced 
the lower, middle, upper, super, and fifth designations 
for the limestone members of a complete megacy-
c1othem, and showed composite sections of the upper 
part of the Middle Pennsylvanian and Upper Penn-
sylvanian megacyclothems (fig. 5). Believing that the 
megacyclothem is a simpler unit than Moore claimed, 
they proposed that a single cycle of deepening 
(transgression) and shallOwing (regression) of a sea was 
represented in the sequence of outside (nearshore) 
shale/middle (transgressive) Iimestonelblack, fissile-core 
(offshore) shale/upper (regressive) limestone and out-
side (nearshore) shale (fig. 5). They felt that the black 
fissile shale, for which an exact environment of dep-
osition really never had been established, was depos-
ited in relatively deep water. 
Heckel (1977) expanded on the theme just de-
SCribed, relating his idea of lateral variations in a cy-
clothem (fig. 6). He proposed a basic model of 
Pennsylvanian sedimentation in terms of a single trans-
gressive-regressive sequence from the Appalachians to 
Texas. Subsequent work by Heckel (1978), and Heckel 
and others (1979), and, later, Heckel (1980) again, 
enlarged upon these ideas. T. M. Stout (1974, 1978), 
a professor of geology at the University of Nebraska, 
considered the cyclothem a unit bounded by an un-
conformity eqUivalent to d'Orbigny's time unit, stage 
(1842). Some of Stout's students who have done re-
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search on cyclothems in Richardson and Pawnee 
counties include Avers (1968), Bernasek (1967), Dish-
man (1969), Snyder (1968), and McCrone (1955). 
Origin of Pennsylvanian Black Fissile 
Shales 
Black, fissile, clayey shales commonly occur in cyclic 
Pennsylvanian strata. Some are found directly above 
coal beds, while others are between two limestones. 
The black color may be due to the presence of organic 
matter. Finely dispersed pyrite or marcasite (iron di-
sulfides, FeS2 ) can also contribute to the dark color of 
these shales. All geologists working on these rocks agree 
that they were deposited in an aquatic environment 
with very little oxygen, a reducing environment, re-
sulting in foul bottom conditions that were generally 
inhospitable to life. The principal disagreement is about 
the depth of water during deposition and conditions 
that produced low oxygen when the clays accumu-
lated. 
Advocates of a shallow-water, nearshore environ-
ment include Moore (1929), Weller (1930), Wanless 
and Shepard (1936), Moore (1949b, 1950) again, 
Zangerl and Richardson (1963), Reed and Burchett 
(1964), Johnson and Adkison (1967), von Bitter 
(1972), Merrill and Martin (1976), Merrill and von Bit-
ter (1976), Stout (1978), Burchett (1979), and Busch 
and Rollins (1984). They attributed the black shale to 
sediment accumulation in a stagnant, algal-covered la-
goon or swamp. Because the underlying coal is viewed 
as continental and the underlying and overlying lime-
stones as nearshore marine, origins in deeper water 
are ruled out as they would require a very great deep-
ening and then shallowing of water in a short time. 
A deep-water environment of deposition for fissile 
black shales is supported by Schenk (1967), Evans 
(1968), Heckel (1972, 1977, 1978, 1980, 1984, 1986), 
Heckel and Baesemann (1975), Pabian (1980), and 
Boardman and others (1984). All of these authors ar-
gue for a deep (greater than 300 feet), cold, stagnant 
mass of water above the site of mud depOSition. They 
view the place as similar to, but larger in size than the 
floor of the modern Baltic Sea, a relatively shallow 
body of water (1,000 feet or less) in Europe. These 
authors support this view because these thin, black 
shale layers can be traced across several states, far 
more than a shallow lagoon, estuary (a water passage 
where the tide meets the current of a stream), or swamp 
would extend, and also because faunas in these shales 
are limited. These faunas consist mostly of the remains 
of Swimming and floating organisms. They also point 
to the general lack of land-plant debris in many of the 
shales, and the presence of phosphate nodules similar 
to those forming today in offshore, oxygen-deficient 
oceanic waters. 
Causes of Cyclothems 
Weller (1956, 1964) reviewed the ideas proposed 
by various authors to explain the origin of Pennsyl-
vanian cyclothems. Weller (1964) placed these ideas 
into three groups: 1) diastrophic (pertaining to all 
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movements of the earth's crust) causes: sinking basins, 
rising sediment source areas; 2) climatic causes: glacial 
control, or other precipitation cycles; and 3) sedimen-
tation causes: differential deposition, variations in basin 
shape and water conditions. He felt that all of these 
ideas individually had flaws and that a combination of 
some of them would prove to be the ultimate expla-
nation. 
Over the years since Udden's work at Peoria, various 
ideas to explain causes have prevailed for a time and 
then become unfashionable. Crowell (1978) revived 
Wanless and Shepard's (1936) ideas regarding re-
peated episodes of late Paleozoic glaciation on the 
southern hemispheric supercontinent, Gondwanaland, 
through development of extensive documentation of 
such glaciations. As ice sheets expanded, world sea 
level would drop, and when the ice melted, sea level 
would rise. Heckel (1980), Boardman and Malinky 
(1985), Veevers and Powell (1987), and others have 
supported this idea. Sea level rises when polar icecaps 
melt, and the subsequent inundation of the land is 
called a transgression. Similarly, when sea level falls 
and icecaps expand, the subsequent exposure of lands 
that were once below sea level is called a regression. 
The kinds of sedimentary rocks you will see during 
the trip vary with the depth of the water in which they 
were deposited. At maximum regression, the sedi-
ments may be subaerially (in open air) exposed and 
weathered; such rocks may include continental stream-
carried and wind-blown depOSits similar to those de-
posited on land today. 
As the icecaps melted and sea level rose, the con-
tinental deposits were covered by the ocean. "Near-
shore" shales grade upward from fresh to brackish (a 
salt content between that of freshwater and seawater) 
to marine-water deposits, presumably a response to 
the rise in sea level. The lower parts of the nearshore 
shale can contain plant remains, whereas the upper 
parts can contain marine invertebrate fossils. As the 
marine transgression continued, the nearshore shales 
were eventually overlain by a transgressive limestone. 
The transgressive limestone is usually dense and finely 
crystalline, deposited in water shallow enough for pho-
tosynthesis (conversion of carbon dioxide and sunlight 
into sugars and starch by plants) and calcium carbon-
ate production by algae. Transgressive limestones are 
usually very fossiliferous (containing fossils) but the 
dense, hard matrix makes the fossils almost uncollec-
tible. 
As the sea deepened, the transgressive limestone 
was overlain by an offshore shale. The offshore shale 
was deposited in water that was apparently too deep 
for photosynthesis and calcium-carbonate production. 
The offshore or "core" shale can be very fossiliferous 
and can include black, fissile shale, indicating depo-
sition in very deep, oxygen-deficient water. However, 
except for stops 7, 10, and 11, black shales generally 
were not deposited in the rock sequences seen on this 
trip. 
From this point of maximum transgression, a new 
episode of glaciation took place, and sea level dropped, 
causing a marine regression to occur. The offshore 
shale is overlain by a regressive limestone. A typical 
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regressive limestone is similar to a transgressive lime-
stone in its lower part but grades upward to a much 
less dense, coarsely crystalline and frequently oolitic 
(pertaining to oolite-small, round to oval bodies of 
calcium carbonate) or pelletal algal limestone. As the 
regression continued and the polar icecaps expanded, 
the sedimentary surface often emerged as land and 
continental deposits were laid down over the regressive 
limestones. This cycle of deposition then repeated it-
self. Heckel (1977) has described nearshore, trans-
gressive, offshore, and regressive deposition in 
considerable detail. 
Answered and Unanswered Questions 
In 1965 Moore summarized what was accepted about 
Pennsylvanian cyclothems in the Midcontinent of the 
United States and what ideas were still debated (1965). 
The accepted ideas included the reality of the cycles, 
their regional variations, the widespread distribution of 
each stratum within cyclothems, the recurrence of sim-
ilar fossilized floras (plant life) and/or faunas in the 
same repeated rock type, and the multicontinental dis-
tribution of the Late Paleozoic cycles that are unique 
in the geologic column. 
Among ideas still debated in 1965, Moore included 
these questions: 1) where were the boundaries of the 
cyclothems? 2) was a single part of a cyclothem de-
posited everywhere during the same time span? 3) 
what were the mechanism(s) that spread land-derived 
sediments across vast expanses of sea floor? 4) what 
were the causes of the knife-sharp lithologic (pertaining 
to the physical and mineral characteristics of a for-
mation) boundaries between many of the units? and 
5) how real were megacyclothems? He also mentioned 
the following issues: 1) the ultimate causes of cycloth-
ems; 2) the more localized causes of variations; 3) the 
relations of cyclothems to orogenies (mountain build-
ing); and 4) the multiple reworking of sediments. 
Much more information and supporting evidence 
has been found since Moore wrote his review. But even 
now some questions remain. No universal acceptance 
of particular answers is at hand, and debate on these 
questions and others, like the origin of black shales, 
continues. The recent recognition of indicators of su-
baerial exposure such as paleosol (fossil soil horizon) 
development (Joeckel, 1988a, 1988b, 1989), ero-
sional surfaces beneath the sea bottom that indicate 
unconformities (Baird and Brett, 1986), and deposition 
of detrital pyrite promises to make future debates even 
more interesting. 
Coal Balls 
Coal balls are nodular masses of mineralized plant 
material found in coal. Mamay and Yochelson (1962) 
and Perkins (1976) discussed the characteristics in great 
detail. Mamay and Yochelson reported that coal balls 
could be subdivided into normal types that contained 
only plant material and mixed types that contained 
both plant and animal fossils. 
John Boellstorff, while a student at the University of 
Nebraska in 1963, found coal balls in the Severy Shale 
at the top of the coal member exposed at stop 7 (figs. 
15, 33p). These coal balls contain a mixed fauna and 
flora. Microfossils of ostracods, carapaces, holothurian 
sclerites (figs. 7h, 241-v) and many other fossils, in-
cluding ammonoids, bactritoids, and brachiopods are 
beautifully replaced by pyrite. 
Exposed Rocks 
In Pawnee and Richardson counties, marine and 
continental sedimentary rocks of Late Pennsylvanian 
and Early Permian age are exposed naturally along 
the North Fork and South Fork of the Big Nemaha 
River and its tributaries, and exposed artificially in road 
cuts, quarries, and spillways. These rocks are overlain 
by glacial till (unsorted, unstratified glacial deposits) of 
Pleistocene age, and by alluvium and loess. The dis-
tribution of Pennsylvanian and Permian sedimentary 
rocks in southeastern Nebraska is shown in figure 2. 
The rocks exposed here show evidence of many dif-
ferent paleoenvironments (ancient environments) that 
reveal a great deal about changing conditions in our 
geological past. 
Many type sections and/or type localities (sections 
or localities from which stratigraphic units derive their 
names) occur in Pawnee and Richardson counties. 
Many of these are listed in appendix I; more complete 
information on these can be found in Condra (1927, 
1949), Condra and Reed (1959), and in the references 
in appendix I. 
Early geological workers in these counties included 
D. D. Owen (1852), J. Marcou (1864, 1867), F. V. 
Hayden (1858, 1872), F. B. Meek (1867, 1872), H. 
B. Geinitz (1866), and numerous others. Those inter-
ested in this history should examine Stout (1970) for 
an inclusive bibliography of the works of other early 
geologists in Nebraska. 
Many of the early geologists described stratigraphic 
units and the fossils they contained. A brief exami-
nation of the older literature, including descriptions of 
fossils, indicates that many fossils and rock units were 
renamed several times before their current names were 
derived. This renaming should make it clear that ge-
ology is often a science of refinement. 
Diffendal, Pabian, and Thomasson (1982) have dis-
cussed the naming of the various kinds of geologic 
units. GeolOgiSts derived the names of geologic units 
in Richardson and Pawnee counties in the same way 
that workers named geologic units in western Ne-
braska. The student who wants to know more about 
the different kinds of geologic units in the latter area 
is referred to the work above and the papers cited in 
it. 
Interpreting the Exposed Rocks 
Many of the rock outcrops in Pawnee and Richard-
son counties became research and teaching labora-
tories. Much of the pioneering research was done by 
faculty and students of the geology department at the 
University of Nebraska. Stout supervised much of the 
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student research in this area, developing models for 
glacio-eustatic control of sea level (world-wide changes 
in sea level due to the advance or retreat of glaciers) 
and emphasizing the importance of paleosols in Penn-
sylvanian and Permian rocks many years before these 
subjects became popular areas of research. 
Geologists are concerned with decoding the se-
quence of natural events that led to forming the earth 
as we see it today. The natural questions for the ge-
ologist include how, when, and under what conditions 
were the rocks in Richardson and Pawnee counties 
deposited? When these rocks were deposited is sug-
gested by the fossils they contain. These fossils not 
only allow us to date the rocks, but they also give 
valuable information about the paleoenvironments of 
the area. The paleontology (ancient life) section de-
scribes the flora and fauna preserved in these rocks. 
How and why these rocks were deposited here is cov-
ered in the following paragraphs. 
Several kinds of sedimentary rocks are exposed in 
the study area. These include marine clastic and car-
bonate sedimentary rocks; non-marine clastic and car-
bonate rocks; and organic-rich rocks. In the study area, 
marine sedimentary clastic rocks include sandstone, 
siltstone, and shale. Marine carbonate rocks are com-
posed primarily of skeletal calcium and magnesium 
carbonate secreted by animals and plants when alive. 
These skeletal grains are held together by crystalline 
carbonate cements or hardened carbonate muds. Or-
ganic rocks include such things as peat and coal. The 
source area for the plant materials composing these 
rocks is thought to be a nearby, vegetated land mass. 
Non-marine clastic rocks include stream and beach 
sands and sandstones, and wind-deposited sands and 
silts. Some carbonate muds are deposited in freshwater 
ponds and lakes on land. 
Once sediments are deposited either on land or in 
the sea, they may be lithified (changed to stone) in 
one of two ways. Fine-grained sediments may be com-
pacted by the weight of overlying younger sediments 
and water. Fluids in such sediments are expelled during 
compaction and the grains of silt and/or clay are com-
pressed and adhere to one another. Natural cements 
may be precipitated out of solution in the pore spaces 
between grains of sediment if chemical conditions in 
the sedimentary fluids are right. These cements are 
usually minerals such as calcite or silica. Other cements 
such as iron disulfide-pyrite or marcasite--occur more 
rarely. Carbonate cement can be easily detected. The 
application of a weak acidic solution will cause it to 
fizz. Geologists use a solution of 10 percent hydro-
chloric acid and water, but common household vinegar 
will produce a Similar, though slower, reaction. 
You can test for calcareous cement by pulverizing a 
bit of the rock and applying the acidic solution. When 
exposed to such solutions, sulfide cements often pro-
duce a fetid odor like that of burning matches or rotten 
eggs. 
The composition and orientation of particles in a 
rock can provide geologists with a great deal of insight 
about the composition and direction of and distance 
to the source area. For example, coarse gravels or 
sandstones are normally deposited closer to their source 
area than are fine sediments such as siltstones or clayey 
shales. Sedimentary structures in these rocks, such as 
cross-bedding (beds at angles to the main plane of 
stratified rock) (fig. 7a) and ripple marks (fig. 7b) can 
show the direction in which an ancient stream flowed 
or the trend of an ancient shoreline. 
Marine carbonate rocks are partly composed of car-
bonate skeletons of algae and/or invertebrate orga-
nisms. Close examination of the limestones in the study 
area will show that they contain the remains of algae 
(fig. 7g), foraminifers, and particularly mollusks, ar-
thropods, echinoderms, brachiopods, bryozoans, and 
a whole host of other marine organisms (fig. 7h-k). 
(The nature of these organisms is discussed in the' 'Fos-
sil Occurrences" section.) 
Most of these limestones were once calcareous muds 
on the sea floor, fine sediments composed largely of 
the skeletal elements of algae, the tests (shells) of for-
aminifers (Single-celled animals), and the pellets (fecal 
material) of marine animals. Organisms such as worms, 
bivalves, and arthropods burrowed through these limy 
sediments in search of food and shelter. This burrow-
ing, or bioturbation (fig. 71), mixed the sediment and 
destroyed many depositional features such as bedding 
planes. In many instances, the burrows of organisms 
are preserved in the fossil record (fig. 7c). The vast 
number of calcareous fossils present in these lime-
stones shows that the seaway was teeming with plants 
such as marine algae and animals that extracted dis-
solved lime from sea water to form their hard parts. 
Some of the skeletons of various marine invertebrate 
fossils were buried under sediments qUickly enough to 
escape being pulverized or eaten. These became the 
well-preserved micro- and macrofossils in the lime-
stone. 
After the marine sediments were burrowed and mixed 
by different kinds of animals, they were subjected to 
the weight of overlying, younger sediments and the 
weight of the overlying water. This resulted in com-
paction and the squeezing out of water from the sed-
iments. Calcium carbonate and other minerals were 
precipitated from water in spaces between grains, 
forming natural cements. The processes above are in-
cluded in lithification (rock-making), and some of the 
end results are the limestones we see today in the study 
area. 
Organic rocks are made up of the fragments of plants 
and include such things as peat and coal. Peat is an 
early stage in the coal-forming process. Peat is not 
found in the study area due to the once-deep burial 
of these rocks. Some coal and extremely carbonaceous 
shales have been observed here. The plant fragments 
were subjected to the same lithifying agents as were 
the marine sediments in order to form coal. 
All of the kinds of rocks detailed above can be seen 
at one or more of the stops on the field trip. We will 
attempt to explain their cyclic depositional framework 
as we visit the stops shown in this field gUide. GeolOgic 
sections of the rock exposures are shown in the cor-
relation chart (fig. 33), and the environments in which 
these rocks were deposited are shown in the block 
diagram (fig. 34). 
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Trip Stops 
Burchett and Reed (1967, fig. 19, fig. 21) have also 
interpreted the environments of deposition for all of 
the rocks that will be examined in the Shawnee and 
Wabaunsee groups. We do not always agree with them 
because we have data that were unavailable to them 
in 1967. At some stops, there is complete agreement 
between us, and at others there is not. Geology is not 
static-new finds in the field cause geologiSts to re-
evaluate previous interpretations. Different workers may 
uncover data that could cause any or all of us to change 
our current opinions on the geologic history of the area. 
Stop 1 (figs. 8, 33n) illustrates strata representing 
several separate marine transgressions. In the lowest 
part of the section are unfossiliferous shales in the White 
Cloud Shale Member of the Scranton Formation (units 
I, 3-5, fig. 33n). Unit 2, however, is a limestone that 
is slabby near the base, becoming blockier in the upper 
4 inches; it contains algal-coated marine fossils and 
marks a short transgression in a nearshore-shale se-
quence. Such algal grains in limestones are called on-
colites. The Happy Hollow Limestone Member (unit 
6, fig. 33n) is a crumbly, clayey limestone that is dark 
yellow-orange on weathered surfaces; it is unfossili-
ferous and may have been subjected to subaerial 
weathering and erosion. 
The Cedarvale Shale Member of the Scranton For-
mation contains two units; the lower (unit 7, fig. 33n) 
is an un fossiliferous shale with limonite (an oxide of 
iron) concretions that appears to be a nearshore shale. 
Unit 8, however, is a dark olive-gray to dark gray shale 
that is fissile in some areas. It may represent a short 
transgression that was rapid enough to prevent the 
development of the transgressive limestone. The Rulo 
Limestone Member (unit 9, fig. 33n) is a fossiliferous 
unit that may represent a regressive sequence; it is 
overlain by the Silver Lake Shale Member of the 
Scranton Formation (units 10-14, fig. 33n), which may 
contain estuarine deposits (sediments laid down in an 
estuary by a stream). Here, unit 10 contains marcasite 
concretions, many of which have altered to limonite. 
Some of these concretions contain plant remains (see 
fig. 29j), suggesting that a low-lying source area was 
nearby. Nearshore conditions perSisted through the 
deposition of unit 14. Unit 13 is a black claystone, but 
it contains abundant plant matter and is not interpreted 
here to be an offshore shale. 
The Taylor Branch Limestone Member of the Bur-
lingame Formation is a transgressive limestone of a 
new cyclothem; it is a very dense, highly fossiliferous 
unit. The overlying Winnebago Shale Member (unit 
16, fig. 33n) is an offshore shale, and the South Fork 
Limestone Member (unit 17) and the Soldier Creek 
Shale (unit 18) are regressive units based on the nature 
of their fossils. The Wakarusa Limestone (unit 19) is 
difficult to interpret because of the few, poorly pre-
served fossils but could have been subaerially exposed. 
Stop 2 (figs. 9, 10, 33a) illustrates that the geology 
in Pawnee and Richardson counties is very difficult to 
interpret. The problems facing the geologist in this area 
are compounded by several factors summarized in 
Fig. 7. Miscellaneous features found in sedimentary rocks. 
a) Cross-bedding in Elmont Limestone, unit 12, stop 8, xli 
10. b) Ripple marks in sandstone in Severy Shale, stop 7, 
xlllO. c) Burrows made by unknown organism in Burr lime-
stone, unit 20, stop 11. d) Boxwork (honeycomb) structures 
related to soil formation in the Houchens Creek Limestone 
Member of the Hamlin Shale Formation and in the West 
Branch Shale Formation at stop 2, xl. e) Intraformational 
conglomerate in the Dover Limestone Member of the Stotler 
Formation exposed at stop 5, x2. f) Shrinkage cracks in 
siltstone in the Salem Point Shale Member of the Grenola 
Formation at stop 11, xO.5. g) Algal limestone from the basal 
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Reading Limestone Member of the Emporia Formation ex-
posed at stop 9, xl. h) Coal ball thin-section print from 
Severy Shale at stop 7; m, megaspore, g, gastropod, b, 
brachiopod, xS. i) Limonitized fossils etched from lower unit 
of the Nebraska City Limestone Member of the Wood Siding 
Formation at stop 4, xl. j) Polished section of rock sample 
shown in fig. 7i. Note that the abundant limonite fossils are 
not readily apparent but that numerous intraclasts (i) are 
visible, xl. k) Fossils and intraclasts in Gray Horse Limestone 
Member of Wood Siding Formation exposed at stop 4, xl. 
I) Bioturbation in upper Salem Point Shale, unit 22, stop 11. 
Fig. 8. Scranton, Burlingame, and Wakarusa formations ex-
posed at stop 1. Slump and weathering may have altered 
the appearance of the outcrop. For detailed section, see stop 
1, figure 33n. Arrows point to the top of the South Fork 
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Member of the Burlingame Formation (unit 17) and the top 
of an unnamed limestone in the White Cloud Shale Member 
of the Scranton Formation (unit 2). 
Fig. 9. Uppermost Pennsylvanian (Virgil) and lowermost Per-
mian (Big Blue) rocks exposed at stop 2. Slump and weath-
ering may have altered the appearance of the exposure. For 
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detailed section, see stop 2, units 5-8, figure 33a. Geologist 
is standing on the top of the Brownville limestone Member, 
Wood Siding Formation, unit 7, fig. 33a. 
Fig. 10. Dipping beds in the Permian Towle Shale (bottom), 
Aspinwall Limestone (unit 9), Hawxby Shale, and Miles 
Limestone (above). Slump and weathering may have altered 
the appearance of the exposure. For detailed section, see 
stop 2, units 8-11 , figure 33a. Arrow points to the top of the 
Aspinwall Limestone Member, Onaga Formation, unit 9, fig-
17 
ure 33a. Note the dip of the individual beds in figures 9 and 
10 that was caused by movement along the Humboldt Fault. 
In each photograph, the dip is the apparent dip as it is viewed 
from south to north in figure 9 and from west to east in figure 
10. The actual dip of the beds is about 17 degrees northeast 
in this area. 
Burchett and Arrigo (1978). The important points for 
this gUide are as follows: 1) The Humboldt Fault, which 
occurs here and disrupts the rock sequence, is not a 
single structure but a complex zone of faults and steeply 
dipping rocks (fig. 10); 2) the only fault actually ob-
served in an outcrop is in the Cottonwood limestone 
in the SW 114, sec. 36, T. 3 N., R. 13 E., Richardson 
County; and 3) displacements along other faults are 
not observable in outcrops and are only interpretive 
because of the covering of thick glacial deposits, the 
limited extent of any outcrops that would allow for 
correlation of similar kinds of strata, and the short length 
of individual faults. 
Even though the exposed rocks at stop 2 do present 
some problems to the research geolOgist, these rocks 
also offer evidence that helps solve other geologic 
problems. The oldest rocks seen here are the Pony 
Creek Shale and Brownville Limestone members of 
the Wood Siding Formation of Late Pennsylvanian age 
(units 1-7, stop 2, figs. 9, 33a). The Brownville lime-
stone of Pennsylvanian age at stop 2 is overlain by the 
Towle Shale Member of the Onaga Formation of Per-
mian age (units 8-10, figs. 9, 33a). The contact be-
tween these two units is the Pennsylvanian-Permian 
contact, or, in this case, the Pennsylvanian-Permian 
boundary. Burchett (1987) shows this contact to be 
unconformable, but we have seen no evidence of 
weathering and erosion on the Brownville limestone 
here, and the depositional sequence appears to be 
continuous and conformable. 
Some geolOgiSts have used the terms boundary and 
contact interchangeably. Boundary should be used 
where there is a continuous sequence of deposition 
between rocks of different ages. A boundary may be 
at the contact between beds of like or different lith-
ologies (types of rock), or a boundary may even cross 
diagonally through a bed of rock. This is graphically 
shown by Diffendal, Pabian, and Thomasson (1982). 
Contact means the surface that separates rocks of dif-
ferent lithologies or rocks of different ages. At stop 2, 
the Pennsylvanian-Permian boundary is the contact 
between units 7 and 8 (fig. 33a). Numerous contacts 
can be seen here between alternating limestone and 
shale beds, and the Permian-Pleistocene contact is 
shown by glacial till that overlies beds of Permian sed-
imentary rocks. Both conformable (the Pennsylvanian-
Permian) and unconformable (Permian-Pleistocene) 
contacts can be seen at stop 2. 
Units 14 and 20 at stop 2 contain a feature called 
honeycomb (fig. 7d). This forms when shrinkage cracks 
in the sediment become filled with a more resistant 
mineral such as calcite. A honeycomb structure is 
thought to form as a product of pedogenic (soil-de-
velopmental) processes. Its presence marks a time when 
the sediment was exposed long enough for a soil to 
develop. Evidence of an eroded and weathered surface 
is also found in the Long Creek limestone (unit 24, 
fig. 33a), which has honeycomb structures and calcite-
filled geodes near its upper surface. The overlying 
Johnson Shale (unit 25, fig. 33a) is mostly covered 
here, but in other exposures, it contains gypsum nod-
ules and calcareous concretions, both of which suggest 
subaerial rather than submarine (under seawater) dep-
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osition. The Glenrock Limestone and Bennett Shale 
are both poorly exposed here. The Roca Shale appears 
to have been a continental deposit too; it contains 
numerous calcareous concretions, but units 29-37 at 
stop 2 (fig. 33a) are burrowed. 
Stop 3 (figs. 11, 33h): The geologic section here 
includes strata from the Auburn Shale to the Tarkio 
Limestone. The Auburn Shale (units 1-5, fig. 33h) 
contains plastic, blocky clays and red beds, both of 
which suggest subaerial exposure of the sediments. 
Continuing upward in the section, the Reading lime-
stone Member of the Emporia Formation (units 6-9, 
fig. 33h) is a transgressive unit containing many marine 
invertebrate fossils. Here, the Harveyville Shale (units 
10-12, fig. 33h) was deposited during a period of max-
imum transgression, resulting in a fossiliferous shale 
that includes goniatites (ammonoids) and gastropods 
(see figs. 27, 28, 29). R. H. Mapes (personal com-
munication, 1986) has suggested that the most com-
mon ammonoid here, Neoaganies grahamense, may 
have tolerated brackish rather than marine water. Unit 
11 (fig. 33h) is a thin limestone that appears to be 
brecciated (made up of large, angular fragments) and 
may represent a hardground (a hardened surface be-
neath the sea bottom, indicating an unconformity), 
perhaps a pause in sedimentation or a period when 
the area was emergent (above sea level); unit 12 (fig. 
33h) is a shale that contains an immature mollusk fauna, 
suggesting a return to more normal marine conditions. 
There is a hardground in the Harveyville Shale at stops 
3, 6, and 9 (fig. 33h, j, m), and these may represent 
the same horizon as at this stop. Marine withdrawal 
appears to have been quite rapid here, and no re-
gressive limestone sequence was formed or it may not 
have been preserved. 
The Elmont Limestone Member at stop 3 (fig. 33h) 
is a dense, fossiliferous, transgressive limestone. The 
Willard Shale is an offshore shale with an immature 
mollusk community near its base. At stop 3, the upper 
part of the Willard Shale is covered. But the Tarkio 
limestone Member of the Zeandale Formation (unit 
16, fig. 33h) forms a ledge at the top of the hill. The 
Tarkio contains fusulinids and was probably depOSited 
in somewhat shallower water than the Willard. The 
Tarkio may be both a transgressive and a regressive 
unit. 
Stop 4 (figs. 12, 33e) includes units from the Dry 
Shale of Late Pennsylvanian age to the Falls City lime-
stone of the Early Permian. Only the highest part of 
the Dry Shale (unit 1, fig. 33e) is present, and it in-
cludes red beds and calcareous concretions, suggesting 
subaerial exposure. However, only the lowest part of 
the Dry Shale occurs at stop 5 (figs. 13, 33g), and it 
is a marine sequence. Shields (1987) has suggested 
that the Dry Shale in this area marks a long, emergent 
period and that the Grandhaven Limestone Member 
of the Stotler Formation (unit 2, figs. 12, 33e) is the 
transgressive limestone of a new cyclothem. The Fried-
rich Shale Member of the Root Formation contains 
yellow-brown to brown and red beds suggestive of 
subaerial exposure. 
A new transgressive series begins in the Jim Creek 
limestone Member (units 7-9, figs. 12, 33e). The low-
Fig. 11. Auburn, Emporia, and Willard formations exposed 
at stop 3. Slump and weathering may have altered appear-
ance of the exposure. For detailed section, see stop 3, figure 
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33h. Geologist is standing near the top of the Reading Lime-
stone Member, unit 9. 
Fig. 12. Grandhaven Limestone Member of the Stotler For-
mation of Late Pennsylvanian age; rocks exposed at stop 4. 
Slump and weathering may have altered the appearance of 
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the exposure. For detailed section, see stop 4, figure 33e. 
Geologist is standing on the top of the Grandhaven Lime-
stone Member, Stotler Formation, unit 2. 
est bed of the Jim Creek is a transitional sequence late 
in the deposition of a nearshore shale but before dep-
osition of a transgressive limestone; it is extremely fos-
siliferous (unit 7, fig. 33e) and is overlain by a thin 
shale (unit 8) and, finally, a transgressive limestone 
(unit 9). The lowest bed in the offshore sequence of 
the French Creek Shale Member (unit 10, fig. 33e) 
contains limonite concretions and an immature mol-
lusk fauna of many bivalves and snails and few gon-
iatites. The French Creek Shale (units 11-16, fig. 33e) 
contains coal and sandstones, indicative of a marginal 
marine origin, and is classified as a nearshore shale. 
The Nebraska City Limestone (unit 17, fig. 33e) 
represents renewed transgression; it contains fossils re-
placed by limonite (fig. 70. These fossils were probably 
originally pyrite and have since been oxidized to li-
monite. The Plumb Shale Member of the Wood Siding 
Formation contains red beds, probably marking old 
soil horizons. The Gray Horse Limestone Member (unit 
19, fig. 33e) contains numerous intraclasts (rock frag-
ments that have been tom up and reworked) (see fig. 
7e), suggesting that the sediment was broken up by 
waves in shallow water. 
The Pony Creek Shale Member (units 20-22, fig. 
33e) represents a regressive sequence, and the Brown-
ville Limestone Member is a transgressive sequence. 
Deposition appears to have been continuous through 
the Miles Limestone Member of the Falls City For-
mation. Unit 26 is a thin, concretionary zone between 
the Towle Shale (units 24 and 25, fig. 33e) and the 
Hawxby Shale members (units 27 and 28, fig. 34b) 
of the Onaga Formation; it may correlate with the As-
pinwall Limestone (unit 9, fig. 33e) at stop 2. 
Stop 5 (figs. 13, 33g) shows the Dover Limestone 
and Dry Shale members of the Stotler Formation. Di-
rectly below the Dover Limestone is the Pillsbury Shale 
Formation and the Maple Hill Limestone and Wamego 
Shale members of the Zeandale Formation. These units 
are overgrown and are not exposed at any stop in this 
guidebook. Burchett and Arrigo (1978) show about 
16 feet of Pillsbury Shale, 4 feet of Maple Hill Lime-
stone, and 12 feet of Wamego Shale in this area. Test 
hole 13-78, located in the SE 114 SW 114 SE 114 sec. 
9, T. 1 N., R. 13 E., Richardson County, about 0.25 
mile southwest of stop 4, was drilled by the University 
of Nebraska-Lincoln Conservation and Survey Divi-
sion on April 28, 1978; it penetrated the interval be-
tween the Willard Shale and Dover Limestone. The 
section in this hole, based on sample descriptions of 
Burchett and Arrigo (1978) is shown in figure 34f and 
is used to correlate the strata between stops 3 (fig. 
33h), 4 (fig. 33e), 5 (fig. 33g), and 6 (fig. 33i, j). Ge-
ologiSts must often use subsurface data such as this to 
correlate rock layers. 
The Dover Limestone at stop 5 (fig. 33g) is a trans-
gressive limestone with many limestone intraclasts, 
suggesting wave erosion, possibly during storms. 
Sponge-bored phosphatic nodules (fig. 30n) have been 
recovered at the top of this unit. The lower part of the 
Dry Shale, above, contains an immature molluscan 
fauna of clams, snails, and goniatites (figs. 26, 27, 28); 
this is in sharp contrast to the upper part of the Dry 
Shale at stop 4 (fig. 33e), where it contains red beds. 
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Shields (1987) suggested that the Dry Shale was de-
posited in a small distributary embayment here. As 
many as 40 feet of Dry Shale may be covered in this 
area; Burchett and Arrigo (1978) show up to about 42 
feet of Dry Shale in a composite section in Richardson 
County. 
Stop 6 (figs. 14, 33i, 33j) includes nearly the same 
sequence that was observed at stop 3 (figs. 11, 33h). 
The hardground here (fig. 33j) is near the top of the 
Harveyville Shale rather than near the middle of the 
unit as at stop 3. The depositional history at this stop 
is similar to that seen at stops 3, 8, and 9. The Willard 
Shale is about 6 feet thinner here than at stop 3 and 
appears to be somewhat sandier than at the former 
stop. The Elmont Limestone Member of the Emporia 
Formation at stop 6 is a transgressive unit with phos-
phate nodules at its top. The Reading Limestone is 
also a transgressive unit. 
Stop 7: The oldest rocks noted in this gUidebook, 
the Severy Shale and Howard Limestone are exposed 
at stop 7 (figs. 15, 33p). This section contains a very 
complete cyclothem. In the nearshore sequence are 
sandstones exposed in the creek bed that show ripple 
marks (fig. 7b). These features are normally perpen-
dicular to the active current direction. These rocks are 
overlain by silty and clayey shales. The shale directly 
below the Nodaway Coal (unit 3, fig. 33p) is in some 
places composed of a sticky clay that may be the un-
derclay (see Weller's unit 3, p. 6, or Moore's unit .1. b, 
p. 7) in the cyclothem. Unit 4 (fig. 33p) is a dark gray 
shale that has coal balls at its base. These coal balls 
contain pyritized marine fossils (figs. 7h, 241-v) and 
spore cases from ferns (fig. 29h, 0; they represent a 
minor transgressive sequence of the cyclothem. 
Units 5 and 6 (fig. 33p) are gray to dark gray to 
black shales, some of which are fissile; these units are 
in the same stratigraphic position of a lithologically 
similar shale in Kansas called the Aarde. These beds, 
however, have not yet been shown to be stratigraph-
ically equivalent to the Aarde. The Church Limestone 
(units 7, 8, fig. 33p) is a regressive unit. In southern 
Kansas, the Winzeler Shale (unit 7, fig. 33p) is a trans-
gressive unit, but this has not been proved in Nebraska. 
The Utopia Limestone Member (unit 10, fig. 33p) of 
the Howard Formation appears to be regressive. 
The regressive sequence in the Howard Cyclothem 
is the last one in this area in which a thick, regressive 
limestone has developed. Thick, regressive limestones 
do not develop in cyclothems in this area again until 
the deposition of the Council Grove Group of the Lower 
Permian. Avers (1968) showed that in Pottawattomie 
County, Kansas, near Westmoreland, the Hughes Creek 
Shale contains a thick regressive limestone sequence. 
In all of the cyclothems between the Howard Cy-
clothem and the Hughes Creek Cyclothem, the re-
gressive limestones are relatively thin units, unlike the 
Howard or the many older regressive limestones. 
Veevers and Powell (1987) have demonstrated that 
continental glaciation on the paleocontinent of Gon-
dwanaland was very extensive during the formation of 
cyclothems. They believed that the cyclothemic dep-
osition in North America during Late Pennsylvanian-
Early Permian time was caused by glacio-eustatic fluc-
Fig. 13. Dover Limestone Member of the Stotler Formation 
exposed at stop 5. Slump and weathering may have altered 
the appearance of the exposure. For detailed section, see 
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stop 5, figure 33g. Geologist's hammer is pointing to the top 
of the Dover Limestone Member, Stotler Formation, unit 1. 
Fig. 14. Emporia and Willard formations exposed at the east 
end of stop 6, figure 33j. Slump and weathering may have 
altered the appearance of the exposure. For detailed sections, 
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see stops 6E and 6W, figures 33i, 33j. Geologist is standing 
on top of the Reading Limestone Member, Emporia For-
mation, unit 1, figure 33j. 
Fig. 15. Severy and Howard formations exposed at stop 7. 
Slump and weathering may have altered the appearance of 
the exposure. For detailed section, see stop 7, figure 33p. 
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Geologist is standing on a lower bed of the Church lime-
stone Member, Howard Formation, unit 7. 
tuations of the volume of ice on Gondwanaland. The 
inferred ice volume was the greatest that it had ever 
been in the Paleozoic Era during the Stephanian of 
Europe (the age used by Veevers and Powell), equiv-
alent to the latest Pennsylvanian of the North American 
Midcontinent, and during the earliest Asselian of Eu-
rope or earliest Permian of North America. These ex-
tensive glaciations would have resulted in a considerable 
decline of sea level on a worldwide basis. Marine 
transgressions would not have been as extensive, and 
regressions would have been even more widespread. 
From the distribution of Late Pennsylvanian and Early 
Permian glacial deposits, Veevers and Powell inferred 
that the paleocontinent of Gondwanaland, which in-
cluded much of South America, Australia, South Af-
rica, India, and Antarctica, was covered by extensive 
ice caps. 
Stop 8: Because of its lateral and vertical extent, the 
exposure at stop 8 (figs. 16, 33k) is one of the most 
impressive sights on this trip. Units from the upper part 
of the Auburn Shale to the lower part of the Willard 
Shale are exposed. Strong evidence suggests that two 
separate cyclothems are included in this stratigraphic 
interval. The Auburn Shale is a nearshore unit that 
contains some plant fossils near the base and marine 
fossils toward the top. The Reading Limestone Mem-
ber of the Emporia Formation contains a transgressive 
limestone (unit 4). The Harveyville Shale Member, 
containing an immature molluscan fauna, is an off-
shore shale. 
Unit 12 (fig. 33k), the lowest limestone bed of the 
Elmont Member, is a regressive limestone that contains 
a cross-bedded coquina (a sedimentary rock made up 
of shell fragments that have been size-sorted by cur-
rents) in its lower part. Many of the grains in unit 12 
are algally cemented. The cross-bedding is suggestive 
of very shallow water in a wave-agitated environment. 
Unit 13 (fig. 33k) is a shale that has weathered to a 
dark yellow-orange and contains calcareous nodules 
in its lower 17 inches. Unit 14 is about 7 inches of 
platy siltstone, weathered to yellow-brown to tan. This 
unit contains root mottling (molds of plant roots), evi-
dence that it was subjected to subaerial exposure, and 
is a nearshore shale. Unit 15 of the Elmont is a gray, 
fossiliferous, transgressive limestone. The Willard Shale, 
unit 16, is a claystone that contains an immature mol-
luscan fauna in its lower part and a zone of limonite 
concretions about 3.5 feet above the base. Some ma-
ture mollusks have been found in these concretions. 
Stop 9 (figs. 17, 33m) also shows exposures of the 
Auburn Shale and the Emporia Formation. The Read-
ing Limestone contains abundant phylloid (leaf-like) 
algae (fig. 7g) and is thought to have been deposited 
in shallow water in the photic zone (water shallow 
enough to allow photosynthesis). The Harveyville Shale 
(unit 5) has an algal limestone that contains weathered 
fossils, including crinoids, bivalves, and ammonOids; it 
is about 0.5 to 1.5 inches thick and may correlate with 
the hardground seen at stops 3 and 6. 
Stop 10 (figs. 18, 33b) is the most recently exca-
vated exposure to be listed in this educational circular; 
it was exposed during road construction in 1986. 
Weathering is a very important phenomenon here. 
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When this exposure was fresh, there was no relief to 
help distinguish the rock units, and the color of the 
outcrop was a very uniform olive-gray throughout. 
Since the road construction that exposed these rocks, 
Significant relief has developed on the exposure. Stop 
10 includes sections from the upper Hamlin Shale (unit 
2, fig. 33b) through the Hughes Creek Shale (fig. 33b). 
The Hamlin is a nearshore shale and the Americus 
Limestone Member of the Foraker Formation is the 
transgressive limestone in this sequence. The Hughes 
Creek Shale Member of the Foraker contains an im-
portant immature molluscan fauna that suggests it is 
an offshore shale. It also contains a calcareous shale 
that is a part of the regressive sequence. 
Stop 11: At stop 11 (figs. 19, 33c) the lower part 
of the Roca Shale is covered; the upper part is unfossil-
iferous. Some horizons contain calcareous concretions. 
It is blocky and weathered in some areas. The lithol-
ogies suggest that the Roca is a nearshore unit. The 
Salyards Limestone Member of the Grenola Formation 
is a very dense, finely crystalline limestone that is ov-
erlain by the Legion Shale, which contains gray-green 
to dark brown shales, some of which are fissile. These 
two units probably are transgressive cyclothemic units. 
The Burr Limestone Member contains several fossili-
ferous units, and the upper unit appears to have been 
subaerially exposed. The Salem Point Shale (units 21-
23, fig. 33c) may be a massive eolian (wind-deposited) 
siltstone (Joeckel, personal communication, 1988) that 
contains a bedded siltstone about 1 foot below the top 
(unit 22). This unit has shrinkage cracks (fig. 7f) at its 
top, suggesting an evaporation-pan environment of 
deposition. Concretions that are similar to those found 
in Pleistocene loess deposits are found near the base 
of the Salem Point. The lowest limestone bed in the 
Neva Limestone Member (unit 24) appears to be a 
transgressive unit. It is overlain by a dark gray shale 
that contains phosphate nodules and phosphate-shelled 
brachiopods, suggesting offshore conditions. 
The Eskridge Shale (units 29-43, figs. 19, 33c) at 
stop 11 was exposed and weathered several times as 
it accummulated. There are several red beds and other 
paleosol units with calcareous nodules and chert. Cal-
cite geodes are also found in the Eskridge. Unit 38 
contains a very unusual limestone that gets up to 10 
inches thick. This limestone contains the tubes of tiny 
spirorbid (having a snail-like, spiral shell) worms, a few 
bivalves, and fish remains, including Xenacan th us, a 
kind of shark that is thought to have lived in fresh 
water. Unit 38 is, thus, considered to be a freshwater 
limestone. Unit 37, below, a gray-green calcareous 
shale, has root mottles but contains marine fossils. The 
freshwater limestone bed can be traced to the Eskridge 
Shale seen at stop 12 (unit 12, fig. 33d), and recent 
work by University of Nebraska-Lincoln faculty and 
students suggests that this might be an important marker 
bed in the Eskridge in this area. 
Stop 12 (figs. 20, 33d) includes an excellent section 
of the Eskridge Shale and the Cottonwood Limestone. 
The Morrill Limestone and Rorena Shale members of 
the Beattie Formation are also present but are both 
badly overgrown. These are the youngest Paleozoic 
rocks described in this circular. The highest bed in the 
Fig. 16. Auburn, Emporia, and Willard formations exposed 
at stop 8. Slump and weathering may have altered the ap-
pearance of the exposure. For detailed section, see stop 8, 
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figure 33k. Arrow points to the top of the Elmont Limestone 
Member of the Emporia Formation, unit 15. 
Fig. 17. Emporia Formation exposed at stop 9. Slump and 
weathering may have altered the appearance of the expo-
sure. For detailed section, see stop 9, figure 33m. Geologist 
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is kneeling near the base of the Elmont Limestone Member, 
Emporia Formation, unit 7. 
Fig. 18. Hughes Creek Shale exposed at stop 10. Slump 
and weathering may have altered the appearance of the 
exposure. For detailed section, see stop 10, figure 33b. 
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Fig. 19. a) Grenola Formation exposed at stop 11. Slump 
and weathering may have altered the appearance of the 
exposure. For detailed section, see stop 11, figure 33c. Arrow 
points to the basal bed of the Neva Limestone Member, 
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Grenola Formation, unit 24. b) Eskridge Shale exposed at 
stop 11. GeolOgist is standing at approximate position of 
freshwater limestone, unit 38, figure 33c. 
A 
B 
Fig. 20. a) Eskridge Shale exposed at stop 12. Slump and 
weathering may have altered the appearance of the expo-
sure. For detailed section, see stop 12, figure 33d. Geologist 
with pack is walking on a limestone unit in the Eskridge Shale, 
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unit 12. b) Cottonwood Limestone Member of the Beattie 
Formation exposed at stop 12. Geologist is standing on the 
top of the Cottonwood Limestone, unit 14. 
Neva Limestone (unit 1, fig. 33d) is the base of the 
measured section here, the lower Neva being covered. 
The Eskridge Shale (units 3-13, fig. 33d) is mostly a 
continental· section; however, unit 12 is a limestone 
that contains marine fossils but is root mottled at its 
top. The shale immediately above (unit 13) contains 
numerous fossils, including brachiopods and bivalves 
and has many shark coprolites. The upper part of unit 
12 appears to be continental or marginal marine be-
cause spirorbid worm tubes and root mottles have been 
found. This bed may correlate with unit 38 at stop 11. 
The Cottonwood Limestone Member of the Beattie 
Formation may represent a complete cyclothem; the 
lowest bed in unit 14 (fig. 33d) is the transgressive 
limestone and is followed by an offshore shale about 
6 inches thick and by about 5 feet of a regressive 
limestone. P. H. Heckel (personal communication, 
1990) has suggested that an alternative explanation is 
that the Cottonwood Limestone is entirely transgres-
sive and that the very fossiliferous Florena Shale (unit 
15) is the offshore unit, based on his observations in 
Kansas. The Cottonwood Limestone is characterized 
by abundant fusulinids, which make the unit easily 
recognizable over a broad area extending into southern 
Kansas and northern Oklahoma. 
Stop 13: Nebraska is not well known for structural 
geological features but the exposures of the upper Roca 
Shale and lower Grenola Formations at stop 13 are 
structurally deformed. The rocks are faulted (fig. 21) 
and also folded into several small anticlines (folds in 
bedded rock in which the beds slant away from one 
another) and synclines (folds in bedded rock in which 
the beds slant, or dip, toward one another). The struc-
tures here do not appear to be related to the Humboldt 
Fault Zone as seen at stop 2. Because of the extremely 
hazardous condition of the outcrop, no section has 
been measured here. Many of the rocks contain ho-
neycomb structures, suggesting that they were sub-
aerially weathered. 
Stop 14 (figs. 22, 330) includes the lower part of 
the stratigraphic sequence viewed at stop 1 (fig. 8). As 
you approach stop 14, however, you can see extensive 
stream-channel deposits in the White Cloud Member 
of the Scranton Formation (fig. 22); channel deposits 
are seen in this same part of the section as far south 
as Topeka, Kansas, but it has not been determined 
whether or not these deposits were laid down by the 
same stream system. These deposits may mark the 
beginning of a new cyclothem. This locality has be-
come badly slumped and covered, but Condra (1927) 
described a section in this vicinity; it is represented in 
fig. 33n and is listed in appendix I. Condra's bed 3b 
of the Rulo section is called the Silver Lake Shale or 
Elmo Coal. This unit is directly below the Rulo lime-
stone, and it may correlate with the dark shale (unit 
8, fig. 33n) at stop 1. Note that the Silver Lake Shale 
is only about 8 feet thick at stop 14 near Rulo (fig. 
330), whereas it is about 25 feet thick at the Table 
Rock section (stop 1, fig. 33n). 
Stop 15 (fig. 23) is in Indian Cave State Park* and 
includes the exposures that make up Indian Cave. Sev-
eral easily accessible walkways make it easy to observe 
stream-channel deposits close up. No fossils have been 
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found in the Indian Cave Sandstone Member of the 
Onaga Formation here (fig. 23), but the geologist can 
use such features as cross bedding in the sandstone 
(fig. 7a) to determine the direction of stream flow, as 
well as the energy of the stream at the time the deposits 
were laid down. Moore (1949a) regarded the Indian 
Cave Sandstone to be both the basal Permian unit in 
Nebraska and the beginning of a new cyclothem, but 
he did not necessarily consider its base as the Penn-
sylvanian-Permian boundary. 
*A daily or annual parking sticker must be on all 
vehicles in the park boundaries. Fossil collecting is pro-
hibited in all state parks. For further study, additional 
outcrops in Richardson County, as well as some out-
crops in Kansas are described in Pabian and Diffendal 
(1989). 
Paleontology and Paleoecology 
Paleontology is the study of fossil organisms. It has 
several important branches. Invertebrate paleontology 
is the study of fossil animals without backbones. Ver-
tebrate paleontology is the study of fossil animals with 
backbones. Paleobotany is the study of fossil plants, 
and palynology is the study of fossil pollen. All of the 
sciences above may be applied to other studies such 
as paleoecology, the study of ancient organisms and 
their relationships to one another and their environ-
ment. Biostratigraphy is the science of characterizing 
and dating a stratum or interval of strata by the fossil 
faunal or floral content rather than by its lithological 
makeup. All of the disciplines above can be placed 
under a larger general heading called paleobiology. 
The life forms in both land-based and marine eco-
systems consist of three major groups: producers, con-
sumers, and decomposers. Producers include green 
plants ranging from simple algae through highly com-
plex flowering species. They are able to carry out pho-
tosynthesis with sunlight, converting carbon dioxide, 
water, and other nutrients into oxygen, sugars, starches, 
and other organic compounds. 
These plants form the bases of most marine food 
chains*; they are fed upon by low-level herbivores 
(consumers) such as copepods, amphipods, and os-
tracodes. These animals, in tum, are fed upon by larger 
carnivores (also consumers), such as small fish, which 
become food for larger predators, the food chain end-
ing with the ultimate consumer, the top carnivore. This 
is a very Simplified ecosystem. 
Many animals have other ways of feeding and seek-
ing shelter. Some animals dig burrows and become 
deposit feeders, feeding on organic matter that is found 
*Recent exploration and research in submarine vol-
canic areas in the Pacific Ocean has led to the discovery 
of food chains that are based on bacteria breaking 
chemical bonds rather than algae. In shallow marine 
water, the bivalve Solemya lives in burrows and subs-
ists on bacteria and the poisonous gas, hydrogen sul-
fide. Solemya is known from Pennsylvanian-age 
sedimentary rocks, and "Y -shaped" fossilized burrows 
have been attributed to it. 
Fig. 21. Roca Shale and Grenola formations exposed at stop 
13. Slump and weathering may have altered the appearance 
of the exposures. Note folding of the strata here. 
A 
B 
Fig. 22. a) Channel sandstones in the White Cloud Member 
of the Scranton Formation exposed at stop 14. Slump and 
weathering may have altered the appearance of the expo-
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SUre. b) Scranton and Burlingame formations exposed at 
stop 15. Arrow points to Rulo Limestone Member of the 
Scranton Formation, (unit 9, figure 330). 
Fig. 23. Indian Cave Sandstone exposed at Indian Cave 
State Park, stop 15. Slump and weathering may have altered 
the appearance of the exposure. 
in the marine sediments. Some clams dig burrows but 
feed with siphons that filter organic debris from water 
above the ocean floor. Brachiopods and crinoids are 
suspension feeders that use their feeding mechanisms 
to extract suspended organic matter from the sea water. 
Regardless of the feeding mode, all of the animals 
above are consumers because they do not directly 
produce nutrients during their lives. 
Some consumers are scavengers that feed upon the 
flesh of dead organisms, either plant or animal. De-
composers include bacteria that cause dead organisms 
and the waste materials from live organisms to decay. 
The decomposers return nutrients back to the ecosys-
tem. 
Microfossils are those plant and animal fossils that 
can only be seen with some magnification, either op-
tical or electronic. The plant remains include pollen, 
seeds, and spores. The animal remains include forms 
that are tiny as adults, as well as larval stages of animals 
that are large as adults. Specialized techniques and 
equipment are required to collect most microfossils. 
To collect microfossils, a sample-usually 1 kilogram 
{about 2.2 pounds)-of fossil-bearing stratum is col-
lected. The rock sample is then disaggregated (broken 
down) either chemically or mechanically. Chemicals 
used to break down rocks include water, sodium bi-
carbonate in water, liquid chlorine bleaches, acids such 
as acetic acid, and petrochemicals such as kerosene 
or Stoddard's solvent. The rock residue is washed in 
graduated sieves that are progressively finer; the grad-
uated samples are dried and then examined micro-
scopically to recover the fossils. In most circumstances, 
the microfossils are removed from the rock residue by 
optically examining it and removing the fossil with a 
fine, moistened, 000 paint brush and placing the fossil 
on a slide that has numbered blocks. Abundance and 
diversity of microfossils from a rock unit are often given 
in terms of numbers per kilogram. 
Macrofossils do not have to be magnified to be seen 
with the naked eye. Usually, no special equipment is 
needed to collect them. Many can simply be picked 
up from the weathered surface of the rock. Hammers 
and chisels may help in collecting them from hard rock 
such as limestone. Large quantities of rock can be 
disaggregated with the same methods given for micro-
fossils, if the rock is easy to disaggregate, and separated 
with larger sieves. 
Collecting fossils in black shales often requires spe-
cial tools, such as specially formed knives and spatulas 
and even custom-ground, large car springs. In some 
instances, military field-hospital X-ray units have been 
used to make images of the fossils contained within 
black shales (for example, Sturmer, date unknown, ca. 
1977). 
We will not attempt to provide classifications or de-
scriptions of parts or groups for the fossils that have 
been found in the study area. You are referred to Rec-
ord in Rock: A Handbook of the Invertebrate Fossils 
of Nebraska by Pabian (I970) and the many paleon-
tological references cited there for such information. 
Most of them are identified in the glossary. Many of 
the fossils found in the study area are not illustrated 
in this educational circular because they are well illus-
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trated in the publications already mentioned. 
Weller (I957) and Moore (I964) were possibly the 
first paleontolgists to relate invertebrate fossil occur-
rences to cyclothemic models, and we will do so here 
in light of more recent ideas on cyclic sedimentation. 
We will attempt to show how fossils are interpreted 
to reconstruct the ancient environments that existed in 
Nebraska in the Late Pennsylvanian and Early Permian 
and how fossils can be used to correlate rock and time 
stratigraphic units in distant areas with those in Ne-
braska. We will approach the fossil distribution in Paw-
nee and Richardson counties from the cyclothemic 
concept presented earlier in this publication. We will 
examine the fossils in nearshore shales, transgressive 
limestones, offshore shales, and regressive limestones 
and show you what to expect in each of these kinds 
of units, providing specific examples in the field where 
you can observe and collect samples. 
The geographic and stratigraphic distribution of many 
fossils found in the uppermost Pennsylvanian and low-
ermost Permian rocks of Kansas are given by Mudge 
and Yochelson (I962, table 1) and many of the stra-
tigraphic distributions are similar in Nebraska. 
Paleoenvironments 
The kinds of fossils found in each environment of 
the cyclothemic model presented in this educational 
circular are extremely varied. Outside or nearshore 
shales may contain continental deposits, lagoonal or 
estuarine deposits, beach sand, or tidal mud-flat de-
posits. The continental influence on the nearshore shale 
is usually more pronounced in the lower part of the 
unit and the marine influence more so in the upper 
part. The nearshore shale is usually sandy or silty; plant 
remains (fig. 29h-o) are usually more common near 
the base of the unit. Calcareous siltstones and sand-
stones in nearshore deposits often contain fish remains, 
including dermal ossicles (scales) from sharks and rays 
(fig. 32a-e, k-r), gill rakers from freshwater Xenacan-
thid sharks (fig. 32f-j), and bones and scales of other 
fishes and vertebrates such as salamanders. Lagoonal 
or estuarine deposits are often characterized by silt-
stones that bear impressions of fern leaves and jointed 
stems (fig. 29k-o) and unusual invertebrates such as 
insects (fig. 31m), eurypterids (fig. 3In), or horseshoe 
crabs. Marine invertebrate fossils may be restricted to 
the upper 3 feet (I meter) or so of the nearshore shale 
sequence. In cases of very rapid marine transgressions, 
the transgressive limestone above may develop on a 
nearshore shale that is almost devoid of marine fossils 
in its upper part. 
Transgressive limestones are marine deposits that 
were laid down in shallow, epeiric (on a continental 
shelf or interior) seas; the lower part of this kind of unit 
may contain fossils that are similar to those found in 
the upper part of the nearshore shale; that is, large, 
thick-shelled, ornamented animals, but the upper part 
usually contains small, thin-shelled invertebrates and 
phosphate nodules. Transgressive limestones were de-
pOSited in water sufficiently shallow, however, for pho-
tosynthesis and carbonate production to take place. 
They are often very hard, dense, and finely crystalline. 
Field evidence gathered at the contacts of the trans-
gressive limestones below and the offshore shales above 
in the Missourian and early Virgilian cyclothems of 
Nebraska and Kansas suggests that the invertebrate 
faunas reached their greatest abundance and diversity 
here. 
The lower parts of the offshore shale may be gray 
and silty; fossils are normally abundant in this part of 
the cyclothem. They are usually small, thin-shelled 
forms. The offshore shale may have a thin, black, fissile 
shale above the gray, silty one. The black shale sug-
gests an anoxic (lacking oxygen) bottom on which no 
organisms lived. Because these black shales were not 
bioturbated (disturbed by burrowing organisms) and 
because there was insufficient oxygen to decompose 
dead organisms, they may contain some rather spec-
tacular and rare fossils, such as imprints of sharks and 
bony fishes, and unusual arthropods, such as shrimp 
and phyllocarids, which are bivalved arthropods. We 
think that these rocks were depOSited during maximum 
transgression. The upper part of the offshore shale may 
become gray and silty as the marine regression begins; 
it may have a nearly identical fauna to that found in 
the lower part of the offshore shale. 
As the marine regression proceeds, the offshore shale 
is replaced with a regressive limestone. The lower to 
middle part of this unit may have a fauna that is the 
"mirror-image" of that found in the upper part of the 
transgressive limestone (see Senich, 1978) This fauna 
rapidly gives way to a fauna made up of large, thick-
shelled, ornamented invertebrate animals. The water 
was warm and shallow, and photosynthesis took place, 
fostering rapid algal growth and great carbonate pro-
duction. The upper part of a regressive limestone may 
be a shoal deposit that is devoid of fossils. A period of 
emergence and weathering may follow, succeeded by 
soil development before the depositional cycle repeats 
itself (see Joeckel, 1988a, 1988b, 1989). 
Boardman and Malinky (1985) reviewed Virgilian 
cyclothems in north-central Texas and related them to 
glacial-eustatic control. The glaciers were on the an-
cient southern hemispheric continent of Gondwana-
land, the remnants of which-India, Africa, Australia, 
and South America-contain metamorphosed tillites 
and glacial pavements. They further stated that there 
are two kinds of cyclothems in the Virgilian of north-
central Texas. Type A cyclothems are characterized by 
having an offshore shale that is the most laterally per-
sistent unit. Type B cyclothems are those in which 
minor transgressions did not reach sufficient depth to 
form black shales. The Howard Cyclothem (stop 7) 
appears to be of the former kind, and all the intervening 
cyclothems appear to be the latter kind up through 
depOSition of the Hughes Creek Cyclothem (stop 2). 
Fossil Occurrences 
Two of the most important aspects of your trip 
through Richardson and Pawnee counties will be col-
lecting facts about and examples of fossils. 
With the fossil collections the authors have at their 
disposal, it would be possible to construct lengthy faunal 
lists of each genus and species collected from each of 
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the fossil-bearing units. Although the data contained 
in such lists are important to a geolOgist, the lists them-
selves would be dull reading and would offer you noth-
ing but raw data with no analysis or interpretation. As 
mentioned earlier, most of the fossils are identified in 
the glossary. 
We have chosen to present this material in a fashion 
that will help you to reconstruct and interpret some of 
the natural history of this part of Nebraska. Some of 
the things that a paleontologist might try to establish 
include the depths, temperatures, and salinities of the 
ancient seaways. Variations in paleoclimates and pa-
leocurrent directions are also geological puzzles that 
fossil contents, distributions, and orientations might help 
put together. 
In earlier sections of this circular, we attempted to 
relate the lithologies to the various stratigraphic posi-
tions in the cyclothem. Here we will try to relate the 
kinds of fossils to their occurrence within the cycloth-
emic framework and show, for example, what kinds 
of animals lived in warm, shallow ocean water and 
what kinds lived in deep, cold water. We will also try 
to show what kinds of fossils might be associated with 
lagoonal and estuarine environments and what kinds 
of fossils are associated with terrestrial (land-based) 
environments. In some instances, it is possible to com-
pare ancient floras and faunas to modem ones, and 
in some, it is not. 
The general model given above of floral and faunal 
distributions within the cyclothemic framework has also 
been treated in detail for some specific groups of an-
imals, for example: conodonts (Heckel and Baese-
mann, 1975; Heckel, 1975; and Merril and von Bitter, 
1976) mollusks (Boardman and others, 1984); crinoids 
(Pabian and Strimple, 1985; Holterhoff, 1988a, 1988b, 
1988c; Pabian and others, 1989); bryozoans (Warner 
and Cuffey, 1973) and foraminifers (Elias, 1937) to 
mention but a few. Heckel (1972) discussed criteria 
for determining shallow marine environments from their 
fossil content. 
We will look at some specific cases of fossil distri-
butions in the Late Pennsylvanian and Early Permian 
rocks in our study area and will try to explain our 
interpretations and the geologic significance of them. 
These occurrences are graphically shown in figures 33 
and 34. 
Most of the fossils illustrated herein are reposited in 
the invertebrate paleontolOgical, vertebrate paleonto-
logical, or paleobotanical collections of the University 
of Nebraska State Museum (UNSM), and their catalog 
number follows the UNSM prefix. Some specimens 
illustrated herein are in private collections, and they 
are not numbered. 
Algae-Red and green algae (figs. 7g, 34) are nor-
mally restricted to fairly shallow marine environments 
with near-normal salinities (35 parts per thousand). 
The water was shallow enough for photosynthesis to 
take place. The best examples of algae are normally 
found in shallow-water deposits associated with near-
shore, early transgressive, or late regressive units. The 
finest examples of phylloid algae that we observed are 
in the lower two beds of the transgressive Reading 
Limestone at stop 9 (figs. 7g, 17, 33m). Similar oc-
currences of algae would suggest similar shallow en-
vironments. Fossils that are coated with algae are the 
principal component of a limestone bed in the White 
Cloud Shale Member of the Scranton Formation (unit 
2, stop 1, fig. 33n). It is possible that some of the algae 
in the beds above are blue-green algae that lived in 
shallow, marine water. We have not yet found fossil 
algae in any of the beds that we think were deposited 
in fresh or brackish water. 
Land Plants-The occurrence of well-preserved land 
plants suggests continental or very nearshore environ-
ments. The Silver Lake Shale Member of the Scranton 
Formation (unit 11, stop 1, fig. 33n) contains some 
concretions enclosing well-preserved plant fossils (fig. 
29j). Such remains are sometimes found associated 
with a restricted invertebrate fauna that includes eu-
rypterids and insect remains, the former suggesting a 
brackish-water environment. Some typical land plants 
common to Richardson and Pawnee counties are il-
lustrated in figure 29j-o. Fossil plants associated with 
marine faunas (fig. 7h) are found in some coal-ball 
concretions in the Severy Shale (unit 3, stop 7, fig. 
33p), indicating a shift from marginal to marine envi-
ronments. Spore cases from the Severy Shale (fig. 29h, 
i) from stop 7 and from the Dry Shale (fig. 30m) ex-
posed at stop 5 (unit 2, fig. 33g) appear to represent 
three different species. 
Foraminifers-Planktonic foraminifers have been 
described from many Pennsylvanian and Permian de-
posits in the North American Midcontinent. Most of 
these are microfossils, and none were collected for this 
report. Benthic (bottom-dwelling) foraminifers, includ-
ing the wheat-grain-shaped, extinct fusulinids, are very 
important fossils in these rocks. Elias (1937) stated that 
fusulinids lived in the deepest water (150 to 180 feet) 
in the Early Permian seas in Kansas, and based this 
on analogies of fusulinids to unrelated, but similarly 
shaped, modem foraminifers. Although this interpre-
tation has been held by many paleontologiSts, Elias 
(1964) later changed his mind and stated that different 
kinds of fusulinids could inhabit different depths of 
water. Polished sections of the limestone bed in the 
White Cloud Shale (unit 2, stop 1, fig. 33n) contain 
algally encrusted fusulinids, suggesting they lived in 
very shallow water. At stop 2, the Hughes Creek Shale 
(units 21-23, fig. 33a), interpreted to be a regressive 
unit, and the Glen Rock Limestone (unit 26, fig. 33a), 
interpreted to be a transgressive unit, both contain 
fusulininds. The Cottonwood Limestone at stop 12 
(unit 14, fig. 33d), a transgressive unit, also contains 
fusulinids. As a group, fusulinids may be of little value 
in interpreting the paleoenvironment; however, this 
group contains many species, and subsequent research 
may show some species are restricted to certain en-
vironments. Fusulinids, however, have proved to be 
very valuable fossils for biostratigraphic studies. 
Agglutinated foraminifera, which construct their shells 
by cementing sediment grains together, occur in units 
such as the Severy Shale (units 1-6, stop 7, fig. 33p). 
Sponges-The Dry Shale (unit 2, stop 5, fig. 33g) 
has yielded some small sponge fossils with calcareous 
skeletons (fig. 31j, k) that are morphologically dissim-
ilar to the sponge, Haplistion (fig. 311), which occurs 
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in the Neva Limestone Member of the Grenola For-
mation (unit 25, stop 11, fig. 33c). Although the sponges 
from the Dry Shale, a transgressive unit, are smaller 
than the ones from the Neva Limestone (early regres-
sive), too few have been found to relate them to en-
vironments of deposition. Heckel (1972) stated that 
calcisponges lived in normal marine, shallow water that 
is less than 350 feet deep. More importantly, he stated 
that sponges required very clean water that would not 
plug up their feeding mechanisms in order to survive. 
Sponges may be a better index of water turbidity 
(amount of suspended sediment) than of water depth. 
Sponges require a fairly hard substrate on which to 
attach themselves. Phosphate nodules (fig. 30n) found 
at top of the Elmont Limestone (unit 5, stop 6, fig. 33i) 
have small indentations that have been interpreted to 
be sponge borings. Similar markings have also been 
found on some brachiopods, for example, Linoprod-
uctus prattenianus Norwood and Pratten (fig. 25aa); 
the latter is an example of commensalism, in which 
one organism establishes residence but does not feed 
upon the host, as compared with parasitism, where the 
host serves as a food source for the invader. 
Cnidarians-Cnidarians include such animals as 
solitary and colonial corals, jelly fish, anemones and 
the extinct conulariids. Small, solitary corals occur in 
the Neva Limestone (unit 25, stop 11, fig. 33c). Corals 
are strictly marine animals. Excellent examples of a 
conulariid (fig. 24e) and a solitary coral (fig. 29d) have 
been collected from the South Fork Member of the 
Burlingame Formation (unit 17, stop 1, fig. 33n). 
Normally, corals require a hard substrate on which 
to attach themselves, but Heckel (1972) pOinted out 
that certain solitary forms can live on softer substrates. 
Corals, as sponges, require fairly clear water to avoid 
having their feeding mechanisms plugged up by sed-
iment. 
Bryozoans-Although common to abundant in 
many Pennsylvanian and Permian strata, bryozoans 
(fig. 24f) are not common in the study area. Warner 
and Cuffey (1973) reported that bryozoans occurred 
sparingly in rocks of the slightly younger Wreford Me-
gacyclothem of Kansas and attributed this to the idea 
that they were paleoecologically restricted to the more 
quiet, offshore, normal marine waters. We concur with 
this interpretation. 
Brachiopods-Because few brachiopod species are 
still living, and the modem ecology of these is not well 
understood, it is difficult for paleontolOgiSts to under-
stand the paleoecology of these animals. We have not 
amassed sufficient data to suggest that some kinds of 
brachiopods preferred certain kinds of environments. 
Hammond (1983), working with the recent bra-
chiopod species Lingula ana tina in Australia, showed 
that it could tolerate variations in salinity of water but 
that its resistance to predators deteriorated as water 
salinity deviated from the normal 35 parts per thou-
sand. He further demonstrated that catastrophes such 
as storms may have been the greatest cause of mor-
tality in this species. L. ana tina could escape' burial in 
up to 10 centimeters (4 inches) of sediment, but mor-
tality rates in burial of 20 centimeters (8 inches) of 
sediments varied from 30 to 50 percent. This species 
also did not re-establish burrows if it had been up-
rooted by storm activities. 
Rudwick (1965) discussed the relations of various 
kinds of brachiopods to the substratum, and similarities 
to some of his observations have been recorded in 
brachiopods from Richardson and Pawnee counties. 
Most brachiopods are sessile (attached at the base), 
benthic animals. Some may be attached to the sub-
strate by a flexible pedicle (for example, Composita, 
fig. 25w-y) while others are immobile (for example, 
Unoproductus, fig. 25aa-cc) and attached to or into 
the substrate with spines that extend from the pedicle 
valve. Some have pedicle openings that become filled 
with tiny plates, showing that the muscular pedicle had 
atrophied (for example, Ussoochonetes, fig. 25p-r); 
these attached to the substrate by tiny spines that grew 
along the hinge line (fig. 25p) and protruded into the 
soft mud. Some brachiopods such as Derbyia crassa 
(fig. 25s-v) had closed pedicle openings, but their pos-
terior region bore a sharp point (fig. 25u) that may 
have protruded into the sediment below. 
Brachiopods are generally suspension feeders that 
have ciliated lophophores capable of extracting sus-
pended microorganisms from the water column. The 
lophophores can be moved to create currents in the 
water and draw organic matter into their food-gath-
ering mechanism (Rudwick, 1965). That they had an 
elaborate food-gathering structure suggests that bra-
chiopods lived in fairly clear water that would not plug 
such a mechanisim. 
Little work has been done on the relationships of 
brachiopod faunas to the various cyclothemic models. 
Scheihing and Langenheim (1980) recorded that there 
were 11 species of strophomenid brachiopods in the 
Shumway Cyclothem (Virgilian) of Illinois. Ten of the 
species were found only in the upper (regressive) lime-
stone, and two of these 10 were found in the lower 
(transgressive) limestone. One species was confined to 
the black (core?) shale. Their work suggests that bra-
chiopod distributions are related to cyclothernic models, 
but none of this kind of study has yet been done in 
Nebraska. 
Brachiopods have been found in the most fossili-
ferous units at all of the stops on this trip. They are 
probably the most diverse group of fossils to be found 
in the outcrop area, suggesting that the phylum ac-
complished a successful evolutionary radiation. 
Molluscs-Boardman and others (1984) have 
shown that molluscs, including bivalves, gastropods, 
nautiloids, and ammonoids are very useful fossils for 
interpreting paleoenvironments in Middle and Late 
Pennsylvanian rocks in Texas. They recognized several 
important molluscan communities, including shallow 
(Shallow Water Molluscan) and deep water (Sinuitina-
Juvenile Ammonoid-Anthraconeilo) communities, both 
of which appear to have analogs in Richardson and 
Pawnee counties. 
A good example of a shallow-water molluscan com-
munity is in the lowest bed of the Jim Creek Limestone 
(unit 7, stop 4, fig. 33e), which contains large, thick-
shelled myalinid clams. The base of the lowest bed of 
the French Creek Shale (unit 10, stop 4, fig. 33e) 
contains the analog of the Sinuitina-Juvenile Ammo-
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noid-Anthraconeilo subcommunity. Sinuitina (fig. 27 d) 
has largely been replaced by another genus of sym-
metrical gastropods, Euphemites (fig. 27b, c), and ju-
venile ammonoids are represented by Gonioloboceras 
(fig. 28b-e). The clam Permophorous (fig. 26b-f) ap-
pears to take the place of Anthraconeilo (fig. 26p, q). 
Additional analogs of the Sinuitina-Juvenile Am-
monoid-Anthraconeilo subcommunity of Boardman 
and others occur in the Harveyville and lower Willard 
shales exposed at stops 3, 6, 8, and 9 (fig. 33h-k, m); 
the lower Dry Shale exposed at stop 5 (unit 2, fig. 
33b); and the Hughes Creek Shale exposed at stop 
10 (units 6, 7, fig. 33b). 
Bivalves-Fossil bivalves collected from Richardson 
and Pawnee counties show large, ornate species gen-
erally come from units that have been interpreted to 
have been deposited in warm, shallow water, and small, 
thin-shelled bivalves (often preserved as steinkerns) 
come from units that have been interpreted to have 
been depOSited in cold, deep water. Vermeij (1978) 
has related patterns in bivalve shell architecture to water 
depth. Bivalves with crenulated or serrated inner valve 
margins were generally more common in shallow, warm 
environments where predator pressure is generally 
greater. 
Newell (1942) studied Late Pennsylvanian bivalves 
in the North American Midcontinent and made some 
interesting observations concerning the Superfamily 
Mytilacea that includes the species Myalina (Ortho-
myalina) slocomi Sayer (fig. 24a), which has been found 
in the Jim Creek Limestone (unit 7, stop 4, fig. 33e). 
These clams were able to live in shallow, turbid water 
where salinity varied considerably. In some places, these 
mytilid clams were bored by the annelid worm, Po-
lydora, but no such bored individuals have been found 
here. Clams in the family Myalinidae were gregarious 
and may have attached themselves to solid objects by 
a byssus composed of many thread-like ligaments. The 
heavier shelled myalinids probably did not need a bys-
sus and laid flat on the sea floor. That many mytilids 
are found with their shells intact suggests they preferred 
quiet water. Further, the mytilids were shown to be 
most abundant in beds that were immediately above 
or below plant-bearing shales, and this suggests near-
shore habitats. For comparison, a deep, cold-water 
species of a mytilid clam (fig. 29c) from the Hughes 
Creek Shale (units 6, 7, fig. 33b) is shown. Note the 
differences in shell size, shape, and thickness. 
GastTopods-Vermeij (1978) related gastropod-shell 
architecture between cold-temperate, warm-temper-
ate, and tropical settings. Fewest species were found 
in cold, temperate waters, and the greatest number of 
species occurred in tropical waters. He further showed 
that gastropods from cold, temperate waters have gen-
erally lower spired shells with little external sculpture 
and nearly round opercula (shell openings). This was 
related to the amount of calcium carbonate dissolved 
in cold versus warm water. Calcium carbonate is more 
soluble in cold water; hence, it is more difficult for 
organisms to preCipitate their shells in cold water, and 
the gastropods must practice a carbonate economy to 
build shells. 
Gastropods from the Severy Shale (units 4-6, stop 
7, fig. 33p) are generally small, thin-shelled forms, al-
though one high-spired species is abundant The French 
Creek Shale (unit 10, stop 4, fig. 33e) contains nu-
merous steinkerns of Trepospira (fig. 27k, m), as do 
the Harveyville and lower Willard shales at stops 3, 6, 
8, and 9 (fig. 33h-k, m); the lower Dry Shale at stop 
5 (unit 2, fig. 33g); and the Hughes Creek Shale at 
stop 10 (units 6, 7, fig. 33b). 
Cephalopods-Cephalopods collected in the study 
area include nautiloids, bactritoids, and ammonoids. 
Most of the nautiloids appear in rocks that are warm, 
shallow-water carbonate deposits, whereas the am-
monoids appear in rocks that are cold, deep-water 
depOSits. Bactritoids (fig. 280) are too rare to currently 
be of much interpretive value. 
Nautiloids (fig. 2ge-g) have been found in the study 
area from the Church Member of the Howard lime-
stone (units 7, 8, stop 7, fig. 33p); these include both 
fairly large, straight or coiled, thick-shelled forms. 
Straight-shelled nautiloids (fig. 31i) have been found 
in the Dover Limestone at stop 5 (unit 1, fig. 33g) and 
in the Hughes Creek Shale at stop 2 (unit 21, stop 2, 
fig. 33a). With the exception of two immature nauti-
loids (fig. 28p, q) found in the Dry Shale at stop 5, all 
of the nautiloids from the study area have been found 
in warm, shallow-water deposits. 
Ammonoids (figs. 28a-n, 29a, b) that have been 
found in the study area are almost exclUSively imma-
ture forms and are often found with bellerophontid 
gastropods and small bivalves, indicating they are from 
the Sinuitina-Immature Ammonoid-Anthraconeilo 
subcommunity of Boardman and others. These im-
mature ammonoids are thought to have inhabited a 
zone of deep, cold, slightly dysaerobic (oxygen-defi-
cient) water; these small fossils are often abundant 
when found and they may represent a catastrophic kill 
of immature animals that were unable to escape up-
welling currents of anaerobic (oxygen-lacking) water 
that caused mass mortality by suffocation. 
Scaphopods---Scaphopods (fig. 27p), or tusk shells, 
have been found in the Harveyville and Willard shales 
and the Dry Shale at all of the sites listed here. Sca-
phopods were apparently detritus feeders that lived 
with their heads burrowed into the soft substrate. They 
are currently too poorly known in the fossil record to 
be of much interpretive value. 
Arthropods-Trilobites, ostracodes, branchiopods, 
and eurypterids are the most common arthropods found 
in the stratigraphic interval seen during this trip. 
Three genera of trilobites, Ameura (fig. 31e, f), Di-
tomopyge, and Anisopyge (fig. 31d, h) have been re-
ported from the study area. Pabian and Fagerstrom 
(1972) stated that Ameura and Ditomopyge do not 
normally occur together, and subsequent collections 
have demonstrated that Ameura usually occurs in 
nearshore units, whereas Ditomopyge occurs in off-
shore units. Ditomopyge has been found in the trans-
gressive facies of the Severy Shale (unit 6, stop 7, fig. 
33p) and Ameura has been found in the regressive 
facies of the Howard Limestone there. At stop 2, 
Ameura has been found in the regressive facies of the 
Hughes Creek Shale, (units 21, 22, fig. 33a) while 
Ditomopyge has been found in the transgressive facies 
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of the Glen Rock Limestone (unit 26, fig. 33a). Ani-
sopyge has been found in the Aorena Shale in Rich-
ardson County, but insufficient numbers leave this fossil 
difficult to interpret. 
A fourth, undescribed genus and species of trilobite 
(fig. 31g) is represented by too few, too poorly pre-
served specimens to be diagnostic. 
Eurypterids (fig. 31n) occur almost exclUSively in 
estuarine or lagoonal deposits in Early Permian strata. 
They often are found with fossil land plants and as-
sociated fish remains (OSSian, 1974), suggesting a 
nearshore environment with an influx of freshwater. 
Branchiopods (fig. 30q) are very rare fossils; only a 
few small specimens have been found in the Dry Shale 
(unit 2, stop 5, fig. 33g). Too little is known about this 
group to make them very diagnostic fossils. 
Microfossils known as ostracodes, arthropods with 
bivalved shells, are common in many of the wash sam-
ples collected in the area. They may prove to be a rich 
area for research as they show a great diversity in 
morphologies (figs. 24p-v, 300, pl. They have been 
found in the Nodaway Coal bed of the Severy Shale 
(unit 3, stop 7, fig. 33p) near DuBois and in the Dry 
Shale (unit 2, stop 5, fig. 33g). 
Echinoderms-Crinoids probably are the most di-
agnostic fossils among the echinoderms; too little is still 
known about the systematics and paleoecology of 
Pennsylvanian and Permian echinoids to make them 
of much value as an interpretive tool. 
Pabian and Strimple (1972) noted that there were 
two different kinds of crinoid assemblages in the Late 
Pennsylvanian rocks in southeastern Nebraska. One 
assemblage was made up of large, ornate species and 
the other of small, in ornate species. They (1985) re-
fined this observation to show that the small, in ornate 
forms occurred in transgressive limestones and off-
shore shales and that large, ornate forms occurred in 
nearshore shales and regressive limestones. Holterhoff 
(1988a, 1988b, 1988c) was able to show five specific 
crinoid assemblages in Late Pennsylvanian rocks of 
Nebraska, Kansas, and Oklahoma, and all were related 
to cyclothemic position of the rocks in which they were 
found. 
In general, small, inornate species of crinoids occur 
in the transgressive and offshore cyclothemic facies, 
and large, ornate forms occur in nearshore and re-
gressive facies. 
Graffhamicrinus sp. d. G. magnificus (Strimple) (fig. 
30a-c) has been collected from the Ervine Creek lime-
stone near DuBOiS, and this species has been identified 
with warm, shallow-water deposits. 
At stop 7, unit 6, the upper part of the Severy Shale 
(fig. 33p) has yielded specimens of Arrectocrinus com-
minutus Pabian and Strimple, and the same unit ex-
posed on the North Fork of the Big Nemaha River, 
near Table Rock, has yielded specimens of Kallimor-
phocrinus; these species suggest habitats in colder, 
deeper water. 
Triceracrinus sp. d. T topekaensis (Moore) (fig. 31a-
c) and Cathetocrinus stuJJensis (Strimple) are fairly large, 
somewhat ornate forms that have been collected from 
the Soldier Creek Shale in Pawnee County, the former 
from unit 18 that is exposed at stop 1 (figs. 8, 33n). 
The Harveyville and lower Willard shales have pro-
duced few crinoid remains, but all have been small, 
in ornate species. A primibrachial plate from an un-
determined scytalocrinid species is shown in figure 
30d, e. 
The Jim Creek Limestone (unit 7, stop 4, fig. 33e) 
has yielded only pieces of crinoids but these include 
anal sac spines and primibrachials from pirasocrinids 
(fig. 24g-i) , which generally favored warm, shallow 
water. 
DeJocrinus vastus Lane and Webster has been re-
corded from the Hughes Creek Shale (unit 21, stop 
2, fig. 33b) by Pabian and Strimple (1978); this species 
was originally described by Lane and Webster (1966) 
from Early Permian strata exposed at Battleship Wash 
in southern Nevada. D. vastus may have considerable 
biostratigraphic value since it is fairly common, wide-
spread, and easy to identify. 
Echinoids or sea urchin fossils are not uncommon 
in many outcrops in this area. They are known almost 
exclusively from disarticulated parts including lantern 
rays, spines, and interambulacral plates (figs. 24m, 30h-
j). These parts have nearly identical forms in many 
species of echinoids, and without articulated speci-
mens, it is difficult to study echinoid systematics and 
paleoecology. The loose plates may have been washed 
into where they were found by submarine currents or 
may have been the product of a winnowed fossil as-
semblage in which currents selectively transported away 
many of the other fossils (see Fagerstrom, 1964). 
Holothurians or sea cucumbers are known only from 
disarticulated sclerites (fig. 241, n, 0) that have been 
found in the Severy Shale at stop 7 (unit 4, fig. 33p). 
We have not yet looked for these microfossils in any 
other litholOgiC unit in this area, so they may prove to 
be quite common in future sampling, as they are known 
from many other units in Nebraska (see Spaulding, 
1985). 
Conodonts-Although paleontologists still do not 
know the affinities of the conodont animal, they have 
found its fossils to be very useful for correlating rock 
strata and interpreting paleoenvironments. Heckel and 
Baesemann (1975) and Heckel (1977) have used con-
odonts for interpreting Late Pennsylvanian (Missour-
ian) age rocks in Kansas. These rocks are slightly older 
than those exposed in Richardson and Pawnee coun-
ties. Their work was an outgrowth of a conodont-dis-
tribution model developed by Sedden and Sweet 
(1971), which proposed that conodonts were pelagic 
animals that lived in the water column of the ancient 
seaways, and that their greatest abundance and di-
versity in the fossil record would represent areas where 
the water column was deepest. Heckel and Baese-
mann disaggregated rock samples and counted the 
number of conodonts and number of each species of 
conodont in samples of 1 kilogram. They found that 
samples from what they considered the deepest water 
deposits often contained 1,000 conodonts or more per 
kilogram and that the genera GondoJJeJa, Jdiognath-
odus, and Streptognathodus were most abundant. On 
the other hand, samples from rocks that they consid-
ered to be shallow-water depOSits usually contained 
fewer than 20 conodonts per kilogram, and most of 
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these were the genus Adetognathus. Thus, Heckel and 
Baesemann were able to establish the utility of these 
fossils for interpreting Late Pennsylvanian rocks. 
GondoJeJJa became extinct by the time that the rocks 
exposed in Richardson and Pawnee counties were de-
posited. Conodonts have been found in the offshore 
shale in the Severy Formation (unit 6, stop 7, fig. 33p). 
These include Idiognathodus and Streptognathodus 
(fig. 24w-y), and we interpret this to indicate maximum 
marine transgression in the area. P. H. Heckel (per-
sonal communication, 1990) stated that the same con-
odonts occur in the Aarde Shale in southern Kansas. 
Vertebrates-Vertebrate fossils from the study area 
are known mostly through shark and bony fish remains 
(Martin, 1969, 1971, 1972; Russell, 1969), although 
recent discoveries by field parties from the University 
of Nebraska State Museum and Conservation and Sur-
vey Division have included amphibian and dipnoan 
(lungfish) remains. None of this material has yet been 
described. 
Since fish can float for many days and many miles 
after their deaths, they are not really indicative of the 
environment in which they lived but only of the en-
vironment where their bodies settled. 
Orodus (fig. 32q, r), a shark or ray, has been found 
at the top of the Elmont Limestone (unit 15, stop 8, 
fig. 341), the teeth of which are pictured; this kind of 
tooth is often called a pavement tooth, and it is used 
for crushing shells. Psephodus (fig. 32e) also has a 
shell-crushing tooth. 
CJadodus (fig. 32a-d) is a shark that has a flesh-
cutting or flesh-tearing tooth. This genus may have 
been an early form of the more modem sharks. CJa-
dodus has been found in the Soldier Creek Shale (unit 
18, stop 1, fig. 33n); the Hughes Creek Shale (unit 
21, stop 2, fig. 33a), the Gray Horse Limestone (unit 
19, stop 4, fig. 33e), and the Neva Limestone (unit 
25, stop 11, fig. 33c), to mention but a few findings. 
Dermal ossicles from sharks (fig. 32k-p) are not un-
common in washed shale residues. Of particular in-
terest are those belonging to the very primitive hybodont 
sharks (fig. 32m-p). Ossian (1974) described many 
hybodonts from the Indian Cave Sandstone in Ne-
maha County near Peru. 
Jaekel (1906) regarded Xenacanthus (fig. 32f-j) as 
a freshwater shark. He based his findings largely on 
the completeness of skeletons that occurred alone rather 
than with invertebrate fossils. Schultze (1985) showed 
that Xenacanthus occurred with marine invertebrate 
fossils and with lungfish and amphibians, as well as 
with typically marine cladodont and petalodont sharks. 
Schultze further stated that recent lungfish burrows, 
restricted to freshwater deposits, cannot be compared 
to the burrows of Late Paleozoic lungfish that have 
been found in proven marine deposits in northeastern 
Kansas. Schultze suggested that Xenacanthus was tol-
erant of brackish and marine conditions and may have 
been either anadromus (returning from the sea to 
freshwater to spawn, like Pacific salmon) or catadrom-
ous (returning to the sea from freshwater to spawn, 
like European eels). Johnson (1984) suggested that 
Xenacanthus, from the Indian Cave Sandstone near 
Peru in Nemaha County, was a stream inhabitant. Its 
Fig. 24. a-d, f-k: Macrofossils from the Jim Creek Limestone 
member of the Root Formation at stop 4. a-d) Bivalves; a) 
Myalina (Orfhomyalina) slocomi Sayre, left valve of hypo-
type, UNSM 23670, xl. b-d) Pteronites sp. Right valve, 
cross-sectional, and dorsal views of hypotype, respectively, 
UNSM 23671, xl. e) A conulariid, ?Conularia sp., hypotype, 
UNSM 23614, from South Fork Limestone Member, Burlin-
game Formation, at stop 1, xl. f) A bryozoan, Rhombopora 
lepidodendroides Meek, ramose form, hypotype, UNSM 
23677, xl. g-k) Crinoid ossicles, hypotypes, UNSM 23672, 
xl. g-h) Umbrella sac spine from ?Plaxocrinus, basal and 
summit views. i) Genus and species not determined, pri-
mibrachial plate, summit view, xl. j, k) Genus and species 
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not determined, end and lateral views of stem segments, 
respectively. Microfossils from the Severy Shale Formation 
at stop 7. I, n, 0) Holothuroid (sea cucumber) sclerites. 
I)Achistrum sp. x70. n)Eocaudina, sp., x45. 0) Paleochiro-
dota sp., x120. m) Echinoid (sea urchin) spine. Genus and 
species unknown, xlOO. p-v) Ostracods. p) Holinella sp., left 
valve, x45. q) Holinella sp., right valve, x45. r) Bairdia sp., 
left valve, x30. s) ?Kegelites, right valve, x50. t, u, v) Holinella 
sp. right valves of three different specimens, x40, x80, and 
x400 respectively. w-z) Conodonts. w) Idiognathodus, sp. , 
x30. x, y) Streptognathodus sp., x30. z) Ozarkodin sp., x30. 
aa) Scolecodont (annelid worm jaw element), Nereidavus, 
x30. 
Fig. 25. Brachiopods from the Jim Creek Limestone Member 
of the Root Formation exposed at stop 4. a-c) Antiquatonia 
sp. cf. A. american us (Dunbar and Condra) ventral, dorsal, 
and posterior views of hypotype, UNSM 23664, xl. Interior 
view of brachial valve of hypotype, UNSM 23664, xl. d-h: 
Krotovia meeki Dunbar and Condra. d-f) Ventral, dorsal, 
and posterior views of hypotype, UNSM 23673, xl. g-h) 
Interior and exterior views of brachial valve of hypotype, 
UNSM 23673, xl. j-I) Juresania nebrascensis (Owen), ven-
tral, dorsal, and posterior views of hypotype, respectively, 
UNSM 23674, xl. m-o) Punctospirifer kentuckyensis (Shu-
mard), ventral, dorsal, and posterior views of hypotype, re-
spectively, UNSM 23669, xl. p-r: Lissochonetes geinitzianus 
42 
(Waagen). p, q) Posterior and ventral views of hypotype, 
respectively, UNSM 23667, xl. r) Interior view of pedicle 
valve of hypotype, UNSM 23667, xl. s-v: Derbyia crassa 
(Meek and Hayden) . s-u) Ventral, dorsal, and posterior views 
of hypotype, respectively, UNSM 23675, xl. v) Interior view 
of brachial valve of hypotype, UNSM 23675, xl. w-y) Com-
posita subtilita (Hall), posterior, ventral, and dorsal views of 
hypotype, respectively, UNSM 23668, xl. z, aa-cc: Lino-
productus prattenianus (Norwood and Pratten). z) Interior 
view of brachial valve of hypotype, UNSM 23665, xl. aa-
cc) Ventral, dorsal, and posterior views of hypotype, re-
spectively, UNSM 23665, xl. 
Fig. 26. a, b, g-t: Fossil bivalves are common to the Harv-
eyville, Willard, or Dry shales at stops 3, 5, 6, 8, and 9; c-
f: These are from the Jim Creek Limestone-French Creek 
Shale contact at stop 4. a) WiJkingia sp., left valve, x5. b-f: 
Pennophorous; b) Right valve, UNSM 26528, x3. c, d) Left 
valve, dorsal view of both valves, UNSM 33321, x3. e, f) 
Right valve, dorsal view of both valves, UNSM 333421, x3. 
g) ?Dunbarella, left valve, hypotype, UNSM 33526, x5. h, 
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j, I: Schizodus sp., h) Left valve; UNSM 23411, xS. j) Left 
valve, x4. I) Right valve, x5. i}Polidevicia, right valve, UNSM 
23412, x5. k) NucuJa right valve, hypotype, UNSM 26529, 
xlO. m, n, r: Clinopistha sp.; m) right valve, x5. n) left valves, 
xlO. r) left valve, xlO. p, q) Anthraconeilo Right valve, x6.5. 
0) AstarteJJa right valve, UNSM 23414, xS. s) NucuJavus sp., 
left valve, xlO. t) NucuJopsis left valve, xlO. 
Rg. 27. a-o: Gastropods; p: Scaphopod. a) Unidentified bel-
lerophontid gastropod, UNSM 26526, x5. b, c) Euphemites 
sp., lateral and dorsal views, x5. d)Sinuitina, lateral view, x5. 
e) Retispira sp. , dorsal view, x5. f) Unidentified bellero-
phontid, apertural view, x5. g, h) Araeonema sp., apertural 
and adapertural views, x5. i) lantiniopsis, adapertural view, 
x6. j) Unidentified pleurotomarud gastropod, adapertural view, 
x6. k) Worthenia adapertural view, x3. I) Dictyomaria sp., 
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adapertural view, x4. m) Trepospira? sp., dorsal view of 
steinkem. n) DonaJdina? sp., apertural view, x8. 0) lanthin-
opsis sp., apertural view, x4. p) Dentalium?, dorsal view, x8. 
Examples of the fossils above have been found in the Willard 
and Harveyville shales at all stops where they are exposed, 
in the Dry Shale at stop 5, and in the French Creek Shale 
at stop 4. 
r ig. 28. Cephalopods. All are from the Dry Shale at stop S 
except where indicated. a-n: Goniatites. a) Neoaganides gra-
hamense (Miller and Furnish), hypotype, from the Willard 
Shale exposed at stop 6, x7.S. b-e) Gonioloboceras sp. cf. 
G. goniolobum (Meek), hypotypes, all x7.S. f) ?Eoasianites 
sp. , hypotype, xS. g-n)Glaphyritessp., xlO. A section broken 
45 
through the suture line between two chambers is shown in 
"n" ; all other views are right or left lateral; "I" is from Harv-
eyville Shale member, Emporia Formation, exposed at stop 
9. 0) A bactritoid, ?Orbobactrites sp., hypotype, xlO. p, q) 
Nautiloids, ?Domatoceras sp. lateral and ventral views, re-
spectively. 
Fig. 29. Marine invertebrate fossils (a-g) and terrestrial plant 
fossils (h-o); a, b: Ammonoids, from Hughes Creek Shale, 
stop 10. a) Prothalassoceras welleri Bose, hypotype, UNSM 
31373, x2. b) Marathonites sp. , hypotype, UNSM 31373, 
x2. c) Myalinid bivalve from Bennett Shale, stop 10, Sep-
limyalina sp. d . burmai Newell, hypotype, UNSM 31375, 
x3. d) Solitary coral, Pseudozaphrentoide? sp. , hypotype, 
UNSM 316708, from South Fork Limestone member, Bur-
lingame Formation, stop 1, xl. e, f: Coiled nautiloids from 
the Church Member, Howard Limestone Formation, stop 7. 
e) Domatoceras sp. d . D. planovolve (Shumard), hypotype, 
UNSM 17531, xl. f) Tainoceras monilifer Miller, Dunbar, 
and Condra, hypotype, UNSM 17532, xl. g) Nautiloid, Me-
tacoceras sp., hypotype, UNSM-8343, Hughes Creek Shale 
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Member, Foraker Formation, near Bennett, Lancaster County. 
h, i) Spore cases from fossil ferns, genera and species not 
identified, from Severy Shale, stop 7, x75. j) Unidentified 
wood remains inside concretion from Silver Lake Shale, stop 
1, x1l2. k, n, 0: Land plants from the Eskridge Shale, various 
localities in Richardson County. k) Asterophyllites; these sprigs 
of leaves were attached to the nodes or joints on the stems 
of Calamites (fig. 291-n), xl. l-n: Calamites. 1) Branch with 
leaf scars where Asterophyllites were attached, from Indian 
Cave Sandstone Member, Towle Formation, near Peru, Ne-
maha County, x1l2. m) Pith cast, same horizon and locality, 
x1l2. n) Calamites disintegrating branch with leaf scars, xl. 
0) Neuropteris, loose leaves from plant of unknown affinities, 
x3. 
Fig. 30. Miscellaneous marine and terrestrial fossils: a-c) Cri-
noid, Grafihamicrinus sp. d . G. magnificus (Strimple, 1949), 
summit, posterior, and basal views of dorsal cup, respec-
tively, hypotype, UNSN x5, from Ervine Creek Limestone, 
near DuBois, Nebraska. d, e) Crinoid, primibrachial plate 
from undetermined scytalocrinid, outer and inner views, re-
spectively, from Harveyville Shale, stop 9. f) Brachiopod, 
Composita sp., interior view showing spiralia, x1.5; from 
Hughes Creek Shale, stop 2. g) Unidentified coral, from 
Willard Shale, stop 6, x2. h-j: Echinoid parts. h) Tooth from 
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lantern ray, x2. i) Spine, x3. j) lnterambulacral plate, x3. k) 
Phosphate-filled tube, possibly a burrow filling, from Dry 
Shale, stop 5, x2. I) Tube formed by unidentified annelid 
worm, from Dry Shale, stop 5, x2. m) Spore case from 
unidentified fern, from Dry Shale, stop 5, x2. n) Phosphate 
nodule with borings made by unidentified sponge, from Wil-
lard Shale-Elmont Limestone contact, stop 6, x3. 0 , p) Os-
tracods, genera and species not determined , x10. q) 
Branchiopod?, a small arthropod, genus and species un-
determined, from Dry Shale, stop 5, x5. 
Fig. 31. Miscellaneous fossils from the study area. a-c) Cri-
noid cup, Triceracrinus d. topekensis (Moore), summit, pos-
terior, and basal views, respectively, hypotype, UNSM 25870, 
x3. d-h: Trilobites. d, h: Anisopyge whitei Pabian and Fa-
gerstrom. d) Enrolled specimen, topotype, UNSM 8098. h) 
Pygidium, topotype, UNSM 8105, both from Cottonwood 
Limestone, near Humboldt, x3. e, f: Ameura missouriensis 
(Shumard). e) A cranidium, hypotype, UNSM 7805, x3. f) 
A pygidium, hypotype, UNSM 7797, x3. Both "e" and "f" 
are from the Hughes Creek Shale, near Bennett, Nebraska. 
g} Genus and species undetermined, hypotype, UNSM 
25871, x3. i) A nautiloid, ?Pseudorthoceras sp., specimen 
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photographed in place in Dover Limestone at stop 5, xl. j-
I: Sponges. j, k) Genus and species not determined; from 
Dry Shale at stop 5, hypotypes, x3. I) Haplistion sp., from 
Neva Limestone, stop 11, hypotype, x5. m) Insect wing, from 
Indian Cave Sandstone at Peru, Nebraska, hypotype, UNSM 
16578, x2. n) A eurypterid, Adelopthalmus nebrascensis 
Barbour, from the Indian Cave Sandstone at Peru, Nebraska, 
hypotype, UNSM 17618, x2. o-q: Coprolites. 0) Spiral co-
prolite from shark-like fish, from Eskridge Shale, stop 12, 
hypotype, x2. p, q) Coprolites from unknown organisms, 
from Dry Shale, stop 5, hypotypes, UNSM 26520, x3. 
Fig. 32. Miscellaneous, fish remains. a-d) "Shark" teeth, 
Cladodus sp., hypotypes, from various locations on trip. e) 
Pavement tooth from chimaeroid-like fish, Psephodus sp., 
hypotype, x35. f-j) Gill rakers from "freshwater shark," Xen-
acanthus sp., from Eskridge Shale, stop 12, hypotype, xI5. 
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k-p) Dermal ossicles (shagreen) from unknown shark-like 
fishes, all from Indian Cave Sandstone at Peru, Nebraska, 
hypotypes, x20. q-r) Pavement tooth, Orodus sp., from top 
of Elmont Limestone at stop 8, hypotype, x3. 
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teeth have been found in the Eskridge Shale (unit 38, 
stop 11, fig. 33c), where it is also associated with spi-
rorbid worms and paleoniscoid fish teeth, and (unit 12, 
stop If, fig. 33d) where it has been associated with 
spiral Foprolites (fig. 310). Since spiral coprolites are 
associated with modern sharks (Williams, 1972; 
McC~lister, 1985) it is highly possible that these co-
prolites are from Xenacanthus. Coprolites from the 
Eskridge Shale (fig. 310) can be compared to copro-
lites from unknown organisms (fig. 31p, q) found in 
the Dry Shale (unit 2, stop 5, fig. 33g). 
Epilogue 
The fossil occurrences above are but a few of those 
we observed during our field and laboratory work. We 
have attempted to show you how they are used in 
interpreting ancient environments. We hope that you 
will go into the field and find many more fossils, as 
well as many previously unknown fossils. Challenge 
us, if you will, as that is how scientific discovery comes 
about. 
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Appendix I 
Stratigraphic and 
Type Locality Chart 
Stratigraphic names used in this circular are listed below. Those 
who want to study the derivations and history of the stratigraphic 
nomenclature used below are directed to the references cited under 
type locality. All of these are listed in the "References Cited." Cy-
clothemic positions are discussed in detail in text. 
Rock unit name, Type locality; Thickness Location Rock unit name, Type locality; Thickness Location 
position in reference #at type loco where it can be position in reference #at type loco where it can be 
cyclothem 'in this area seen cyclothem *in this area seen 
Permian System Perm., USSR; Howe Ls. Mbr., Howe, Nemaha Co., #4-5 It Stop 2 
Murchison (1841) regressive Is. NE; Condra (1927) *4.5 It 
Big Blue Series Big Blue River Bennett Sh. Benne~ Lancas· #8·10 It Stop 2 
in northern KS; Mbr., ter Co., NE *about 8 It 
Cragin (1896) offshore sh. Condra (1927) 
Council Grove Council Grove, Glenrock Ls. Glenrock, Nemaha #1·2 It Stop 2 
Group Morris Co., KS; Mbr., Co., NE; Condra *about 1 It 
Prosser (1902) transgressive (1927) 
Beattie Fm. about 7.5 mi WSW #15.5 It Stop 12 limestone 
of Pawnee City, Johnson Shale Johnson, Johnson #16·20 It Stop 2 
Pawnee Co., NE; nearshore to Co., NE; Condra 'about 17 It 
Condra and continental (1927) 
Busby (1933) Foraker Fm. Foraker, Osage #about 75 It Stop 2,10 
Morrill Ls. 2 miNW of #1·3 It Stop 12 Co., OK; Heald *about 40 It 
Mbr., Morrill, Brown *to be measured (1916) 
regressive Co. KS; Condra Long Creek Long Creek, near #3·5 It Stop 2,10 (1927) Ls., Auburn, Nemaha *about 4 It 
Aorena Sh. near Fiorena, #2·13 It Stop 12 regressive Co., NE; Condra 
Mbr., mostly Marshall Co., KS; *to be measured limestone (1927) 
transgressive Prosser (1902) Hughes Creek Hughes Creek, #35·50 It Stops 2,10 to early Sh. Mbr., Nemaha Co., NE; *about 35 It 
regressive regressive Is. Condra (1927) 
Cottonwood Cottonwood Falls #not determined Stop 12 and nearshore 
Ls. Mbr., Chase Co., KS; *up to 12 It sh.; may contain 
transgressive Haworth and two or more 
Kirk (1894) cyclothems 
Eskridge Sh., Eskridge, Wa- #about30 It Stops 11, 12 Americus Ls., near Americus, #6·7 It Stop 2,10 
continental baunsee Co., *about 50 It top is regres· Lyon Co., KS; 'about 2 It 
to nearshore KS; Beede sive; base is Kirk (1896) 
shale (1902) transgressive 
Grenola Fm. 4-5 mi W of #not given Stops 11, 12, 13 with offshore 
Grenola, Elk Co., sh. between 
KS; Condra and Admire Group near Admire, 
Busby (1933) Lyon Co., KS; 
Neva Ls. Mbr., near Neva Sta., #6·8 It Stops 11, 12 Adams, Girty, 
transgressive, Chase Co., KS; *about 12.5 It and While (1903) 
offshore, and Beede (1902) HamlinSh. not stated thickness given Stop 2,10 
regressive Fm. as 4246 It by 
fades present Condra (1935) 
Salem Point Sh. Salem Point, 0.5 #7·8 It Stops 11, 13 *about 42 It 
Mbr., near· mi NW of Salem, Oaks Sh. Mbr., Oaks Farm, SW #not given Stop 2 
shore shale NE; Condra and nonmarine in of Salem, Rich· 'about 14 It 
Busby (1933) lower part to ardson Co., NE; 
Burr Ls. Mbr., Burr, Otoe Co., #about 11 It Stop 11 nearshore in Moore and 
regressive NE; Condra and upper part Condra (1932) 
limestone Busby (1933) Houchen Creek Houchens Creek, #4-8 It Stop 2 
Legion Sh. Mbr., Near American #4-8 It Stop 11 Ls. Mbr., Nemaha Co., NE; 'about 1 It 
offshore Legion Golf Club, nearshore Condra (1927) 
shale Manhattan, KS; Stine Sh. Mbr., near Stine, Ne· #9·18 It Stop 2 
Condra and nonmarine to maha Co., NE; *about 28 It 
Busby (1933) shoreline Condra (1927) 
Sallyards Ls. 1 mi NE of #0.5·3.5 It Stop 11 Five Point Five Point Valley, #not given Stop 2 
Mbr., Sallyards, *1.0 It Ls., Richardson Co., *about 1.3 It 
transgressive Greenwood Co., marine NE; Condra 
KS; Condra and (1935) 
Busby (1933) West Branch West Branch #26 It Stop 2 
Roca Sh. Fm., Roca, Lancas· #18·20 It Stops 2 Sh., nearshore, Township, Pawnee *about 24 It 
nearshore to ter Co., NE; *18·20 It continental to Co., NE; 
continental Condra (1927) marine Condra (1927) 
Red Eagle Fm. Red Eagle School #about 17 It Stop 2 
near Foraker, OK; *about 14 It 
Heald (1916) 
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Rock unit name, Type locality; Thickness Location Rock unit name, Type locality; Thickness Location 
position in reference #at type loco where it can be position in reference #at type loco where it can be 
cyclothem 'in this area seen cyclothem 'in this area seen 
Falls City Ls. Lehmer Quarry #upt06ft Stops 2, 4 Jim Creek Ls. Jim Creek, Potta- #not given Stop 4 
near Falls City, 'up to 10 ft Mbr., regres- wattamie Co., KS; 'about 1.9 ft 
NE; Condra and sive at base Moore (1936) 
Bengtson (1915) to trans-
Lehmer Ls. as above #3t04ft Stop 2 gresive at top 
Mbr., Condra (1935) '2 ft Friedrich Sh. Friedrich Creek, #about 15 ft Stop 4 
nearshore Mbr., near- Greenwood Co., 'about 10 ft 
Reserve Sh. Uplands NW of #4.5ft Stop 2 shore sh. KS; Moore (1936) 
Mbr., lake or Reserve, KS; 'about 4.2 ft Stotler Ls. Abandoned Stotler #10 to 30 ft Stops 4,5 
lagoon? Condra (1935) Fm. Post Office, 'about 50 ft 
Miles Ls. Mbr., Miles Ranch, #about 1 ft Stops 2, 4 Lyon Co., KS; 
marine, 2 mi SW of Falls '1 to 5 ft Moore and 
trangressive City, NE; Condra Mudge (1956) 
(1935) Grandhaven Near Grandhaven, #not given Stop 4 
Onaga Sh. Fm. Onaga, Potta- #about30 ft Stops 2,4 Ls. Mbr., Shawnee Co.,. KS; '2 ft 
wattamie Co., KS; '10 to 23 ft transgressive Moore (1936) 
Moore and Mudge at base to 
(1956) regressive at 
Hawxby Sh. Hawxby Farm, #not given Stops 2,4 top 
Mbr., marine, Nemaha Co., NE; '5 to 15 ft Dry Sh. Mbr., Dry Creek SW of #5 to 20 ft Stops 4, 5 
shoreline? to Moore and offshore at Emporia, Lyon Co., 'up to 50 ft? 
nonmarine Condra (1932) base but may KS; Moore (1936) 
Aspinwall Ls. Aspinwall town- #not given Stop 4 be nearshore 
Mbr., site, Nemaha Co., '0.2 ft at top 
nearshore NE; Condra and Dover Ls. Near Dover, #2-4ft Stop 5 Bengtson (1915) Mbr., trans- Shawnee Co., KS; '0.5 ft 
TowleSh. Towle Farm, near #about 14 ft Stops 2,4 gressive Is. Beede (1898) 
Mbr., shore- Falls City, NE; '3.7 ft PiUsbury Sh., Pillsbury Cros- #up to 25 ft Stop 5 line to Moore and 
nonmarine Condra (1932) nearshore sh. sing, a ford on '15 ft + , covered 
Deep Creek, Riley 
Pennsylvanian Pennsylvania; Co., KS; Moore 
System Chamberlain and and Mudge (1956) 
SalisbUry (1906) Zeandale Fm. Near Zeandale #about 53 ft 
Virgil Series Near Virgil, Riley Co., KS; 'about 20 ft 
Greenwood Co., Moore and 
KS; Moore (1931) Mudge (1956) 
Wabaunsee Wabaunsee Co., KS; Maple HiIILs. Near Maple Hill, #1 to 3 ft 
Group Prosser (1895) Mbr., trans- Wabaunsee Co., 'mostly covered 
Wood Siding Wood Siding Sta., #about22 ft Stops 2,4 gressive Is. KS; Condra (1927) 
Fm. Nemaha Co., NE; WamegoSh. Near Wamego, 
Condra and Mbr., Pottawattamie Co., 'up to 12 ft, 
Reed (1943) nearshore KS; 
Brownville Ls. Brownville, NE; #not given Stops 2, 4 shale Mudge (1956) 
Mbr. Condra and '1 to 2.3 ft Tarkio Ls. Missouri River #not determined Stops 3,6 
Bengston (1915) Mbr., bluffWof '1 to 2 ft 
Pony Creek Sh. Pony Creek, 2 mi #23ft Stops 2,4 regressive Tarkio River 
Mbr., regres- S of Falls City, '5.5-10 ft limestone valley, Holt Co., 
sive Is. Richardson Co., NE; MO; Condra (1935) 
Condra (1927) WillardSh. Near Willard, #55ft Stops 3,6,8 
Grayhorse Ls. Uttle Grayhorse #2-4ft Stop 4 Fm., offshore Shawnee Co., KS; '32 to 40 ft 
Mbr., marine, anticline, Osage '1 ft near base, Beede (1898) 
minor trans- Co., OK; Heald becoming near-
gression? (1918) shore at top 
Plumb Sh. Plumb Township, #20.3ft Stop 4 Emporia Fm. Near Emporia, #not given Stops 3, 6, 8, 9 Mbr., 1.5 mi Wof 'about 6 ft Lyon Co., KS; 'up to 15 ft 
regressive Harveyville, Kirk (1896) Wabaunsee Co., KS; 
Mudge and Burton Elmont Ls. Near Elmont #1 t02 ft Stops 3, 6, 8, 9 
(1959) Mbr., regres- Shawnee Co., KS; 'up to 6.5 ft 
Nebraska City South Table Creek #upt06ft Stop 4 sive near Beede (1898) 
Ls. Mbr., valley, near Ne- '20 to 24 in. base, trans-
trans- braska City, NE; gressive near 
gressive Smith (1909) top 
Root Sh. Fm. Root Sta., on #about38 ft Stop 4 Harveyville Near Harveyville, #up to 30 ft as above 
AT&SF RR, Lyon 'about 25.5 ft Sh., Wabaunsee Co., "up to 7.1 ft 
Co., KS; Moore offshore sh. KS; Condra (1934) 
and Mudge (1956) Reading Ls. Near Reading, #about 3 ft Stops 3, 6, 8, 9 
French Creek French Creek, NE #about30 ft Stop 4 Mbr., trans- Lyon Co., KS; 'about 2.8 ft 
Sh. Mbr., part of Pottawat- "about 13.5 ft gressive Is. Smith (1909) 
regressive tarnie Co., KS; 
Moore (1936) 
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cyclothem *in this area seen cyclothem *in this area seen 
Auburn Fm., Along Wakarusa #8 to 20 I! Stops 3,8,9 Utopia Ls. Near Utopia, #about2 I! Stop 7 
nearshore Creek, S of *up to 14 I! Mbr., Greenwood Co., *2.2 I! 
shale Auburn, KS; observed, base regressive KS; Moore (1932) 
Beede (1898) covered at all Umestone 
stops Winzeler Sh. Winzeler Farm" #upt081! Stop 7 
Wakarusa Fm., Wakarusa Creek #2t041! Stop 1 Mbr., minor Greenwood Co., *0.25 I! 
transgressive S of Auburn *about 1.5 I! transgressive KS; Moore (1932) 
-regressive; KS; Beede Church Ls. Church Farm, #4t051! Stop 7 complete cycle (1898) Mbr., about 4 mi SE *3.8 I! in Kansas 
regressive of DuBois, 
Soldier Creek Along Soldier #up to 40 I! Stop 1 NE; Condra (1927) 
Fm., regres- Creek, about 3 *upt051! Aarde Sh. Mbr.? Aarde Farm, #3 to 71! Stop 7 sive mi NE of Silver 
nearshore near Greenwood Co., *3.9 I! Lake, KS; Beede base to off- KS; Moore (1932) (1898) 
shore near 
Burlingame Ls. Near Burlingame" #upt081! Stop 1 base; name not 
Osage Co., KS; recognized in 
Hall (1896) Nebraska 
South Fork Ls. On W side of #2t061! Stop 1 Severy Sh. Fm., Severy, Greenwood #20-75 I! Stop 7 
Mbr., regre5- South Fork Val- *0.5 I! nearshore Co., KS; *10-20 I! 
sive Is. ley 3/4 mi S shale Haworth (1898) 
of DuBois, NE; Nodaway Coal Nodaway, #about 2 I! Stop 7 Condra (1935) Andrew Co., MO; *about 1 I! 
Winnebago Sh. Mouth of Winne" #8 to 12 I! Stop 1 Gallagher (1898) 
Mbr. bago Creek, N of *2.3 I! Shawnee Group Rulo, Richardson 
Co., NE; Condra TopekaFm. Topeka, KS; #about35 I! Lower parts of 
(1935) Bennett (1896) *about 35 I! bluffs along 
Taylor Branch Abn'd clay pit #2 to 4.5 I! Stop 1 Little Nemaha R., 
Ls. Mbr. on Taylor Branch, *0.5 I! near DuBois, NE 
S of Table Rock, Coal Creek Ls. Coal Creek, near #4 I! as above 
Pawnee Co., NE; Mbr., Union, Cass Co., *about 4 I! 
Condra (1935) regressive Is. NE; Condra (1927) 
Scranton Fm. Near Scranton, #1501!+ Stop 1 Holt Sh. Mbr., SE of Forest #2.25 I! as above 
Osage Co., KS; *51 + I! offshore sh. City, Holt Co., *about 2.3 I! 
Haworth and measured MO; Condra (1927) 
Bennett (1908) DuBois Ls., 4miSEof #2-3 I! as above 
Silver Lake NE of Silver #15 to 35 I! Stop 1 transgressive DuBois, NE; 
Sh. Mbr., off- Lake, Shawnee *about 25 I! Umestone Condra (1927) 
shore near Co., KS; Beede Turner Creek Turner Creek, #3t041! as above base to near- (1898) Sh. Mbr., near DuBois, NE; *type loc. 
shore at top 
nearshore Condra (1927) 
Rulo Ls. Mbr., On Missouri River #1 t021! Stops 1, 14 Sheldon Ls., Sheldon Farm, #2.8 to 41! as above 
regressive bluffs near Rulo, *0.25 I! nearshore Nehawka, Cass Co., *3 to 4 I! Umestone Richardson Co., NE; Condra (1927) NE; Condra and 
Bengison (1915) Jones Point Missouri River #about9 I! as above 
Cedar Vale Sh. Near Cedar Vale, #about 12 I! Stops 1, 14 Sh., near- Bluffs, Cass Co., *about 8 I! 
Mbr., nearshore Chautaqua Co., *6 I! at stop shore sh. NE; Condra (1927) 
near base; KS; Condra (1930) 1, and up to Curzon Ls. CUlZon Sta., #4-8 I! as above 
transgressive 25 I! near stop Mbr., Holt Co., MO; "about 6 I! 
near top 14 regressive Is. Gallagher (1898) 
Happy HoUow Happy Hollow Ra- #6t081! Stops 1, 14 Iowa Point Sh., Iowa Poin~ KS; #10 I! as above 
Ls. Mbr., vine below mouth "I I! at stop 1 regressive Condra (1927) "not measured 
regressive of Big Nemaha R., Hartford Ls. Hartford, Lyon #up to 20 I! as above 
near Rulo, Rich- Mbr., Co., KS; *not measured 
ardson Co., NE; transgressive Kirk (1896) 
Condra (1927) and regressive 
White Cloud Missouri River #40 to 80 I! Stops 1, 14 Calhoun Sh. Fm., Calhoun Bluffs #up to 65 I! now covered Sh. Mbr., Bluffs from N of *20 I! sh. in regres- near Topeka, KS; *upt081! 
appears to White Cloud, Don- measured at sive sequence, Beede (1898) 
contain a iphan Co., KS, to stop 1 deltaic 
regressive Is. mouth of the Big 
Deer Creek Fm. Deer Creek, near and a near- Nemaha R., Rich- #up to 80 I! Bed of So. Fork, 
shore sh. ardson Co., NE; Topeka, KS; *20-30 I! Little Nemaha R. 
Condra (1927) Bennett (18%) near DuBois, NE 
HowardFm. Near Howard, Elk #up to 25 I! Stop 7 Ervine Creek Ervine Creek, 5 #14-18 I! as above 
Co., KS; Haworth *10.6 I! Ls. Mbr., mi NE of Union, not measured 
(1898) regressive /s. Cass Co., NE; 
Condra (1927) 
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Mileage 
0.00 
0.03 
0.50 
0.70 
1.50-
2.20 
2.70 
4.20 
5.50 
5.95 
6.15 
6.80 
7.00-
7.10 
9.50 
10.30 
10.50 
10.70 
11.50 
.13.00 
14.50 
15.10 
16.70 
16.85 
17.50 
17.90 
19.70 
Appendix II 
Road Log 
Description 
Junction of Nebraska State Highways 4 and 65 at the 19.90 
southeast edge of Table Rock, near Taylor Branch. 20.30 
Near foot of overpass; tum right; proceed about 100 feet 20.70 
to "r' intersection; tum left (east). 22.20 
Cross Burlington-Northern railroad tracks. CAUTION! 23.20 
Cross Burlington-Northern railroad tracks. CAUTION! Tum 
left at intersection and follow road that 'goes parallel to the 23.35 
railroad tracks. 
Note outcrops of Scranton Formation to your right. 23.45 
23.60 
24.95 
STOP 1: This is located on the large hill on the northwest 
26.50 
comer of the intersection. Note that the railroad tracks 27.50 
now head toward Humboldt, and no longer run parallel 
to the trip road. 28.00 
"T" intersection--turn left (east). 
"L" intersection--turn right (south). 
"T" intersection--turn left (east), 28.40 
Outcrops of Emporia Formation in road cut. 29.00 
Cross Dry Branch Creek. 
29.15 
Outcrops of shale and limestone (Auburn?) 29.65 
Junction of county road and Nebraska State Highway 105. 30.50 
Tum right (south). 31.00 
Roca Shale in roadcuts to your right. 
31.60 
STOP 2: Park at intersection of county road and highway 
105. The outcrop area extends about 0.2 miles north and 31.70 
0.2 miles south of here. 
The plane of the Humboldt Fault crosses the highway in 
this general vicinity. If you are truly fortunate, the fault will 31.80 
not move now. 
Junction with county road that leads to stop 3. Go 1 mile 
west (right) and 0.5 mile south (left). 31.95 
32.30 
32.40 
STOP 3: To continue, return to junction of county road 33.40 
and highway 105. 34.90 
Junction of county road and highway 105. 
Cross South Fork of Big Nemaha River. 
35.05 You are again croSSing the plane of the Humboldt Fault. 
35.60 
35.95 
36.50 
STOP 4: The outcrop area of stop 4 continues about 0.35 36.85 
mile southward in this roadcut. 38.00 
Junction of Nebraska State Highways 105 and 8. Tum 42.65 
right (west). 43.25 
Outcrops of Permian at left. 
Entrance to Kinter's Ford hunting area. 
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STOP 5. 
Cross South Fork of Big Nemaha River. 
Intersection with county road. Tum right (north). 
Intersection of county roads. Tum right (east). 
"T" intersection. Continue east. 
Cross earthen dam. 
STOP 6. 
Foot of bridge. Tum around and return to highway 8. 
Tum left (south) at crossroads. 
You should be at intersection of county road and highway 
8. From here tum right (west). 
Intersection with county road. Tum left (south). 
"r' intersection, tum right (west). 
STOP 7: Continue westward. 
Intersection of county road and Nebraska State Highway 
50. Continue westward on county road. 
Outcrop area. 
Outcrop area. 
Outcrop area. 
Intersection with county road. Note exposures of Emporia 
and Auburn formations about 0.1 mile to the right (north) 
on the county road. Continue westward. 
Entrance to Iron Horse Lake day use area. 
STOP 8: Note earthen dam to the right (east). Continue 
to parking area. The outcrop area must be reached by 
walking across the earthen dam. 
Parking area. Note that there are restroom facilities, play-
ground, picnic areas, and water available. Complete traffic 
loop to return to county road. 
Tum right (west) on county road. 
Outcrops. 
Junction with county road. Tum left (south). 
Intersection of county roads. Tum left (east). 
Outcrops. 
STOP 9. 
Outcrops. 
Outcrops. 
Junction of county road and highway 50. 
In DuBois. 
Junction of highways 50 and 8. Tum right (east). 
Crossing plane of Humboldt Fault in this vicinity. 
Intersection, highway 8 and county road. Tum right (south). 
Continue for 0.7 mile. Stop 10 is on the east (left) side of 
the road. 
43.95 STOP 10. 
43.95-
44.25 Outcrops of Permian strata. 
44.25 Tum left (east). 
45.05 Cross Four Mile Creek. 
45.15-
45.35 STOP 11: After viewing stop 11, return to intersection of 
county road and highway 8. 
46.45 Intersection of county roads. Tum right {north}. 
47.45 Intersection of county road and highway 8. Tum right 
(east). Reference point is water tower on hill. 
48.45 Intersection of county road and highway 8. Tum left (north). 
50.35 STOP 12: From here return to highway 8. 
52.25 Intersection county road and highway 8. Tum left (east). 
52.75 Permian outcrops on left. 
53.40 Permian outcrops on left. 
58.35 Intersection of Nebraska State Highway 8 and U.S. High-
way 75. Continue eastward. 
59.65 Cross Honey Creek. 
59.95 Outcrops of Hughes Creek Shale on right. 
60.75 Outcrops of Hughes Creek Shale on right. 
63.95 Cross Rock Creek 
64.15 Intersection with county road. Tum right, then left, going 
east up steep hill. 
64.45 STOP 13. After viewing stop 13, return to intersection 
with highway 8. 
64.75 Intersection with highway 8. Tum right (north) and pro-
ceed to Falls City. 
64.95 Cross South Fork of Big Nemaha River. 
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65.90 Salem on the left. 
66.25 Cross North Fork of Big Nemaha River. 
68.95 Historical marker on right. Site of Nebraska's first pro-
ducing oil well. 
71.75 Junction of highway 8 and 73 in Falls City. Tum right 
(south). 
72.15 Junction of highways 73 and 159. Tum left (east) and 
proceed toward Rulo. 
81.75 Intersection of highway 159 and Rulo's main street. Tum 
right (south). 
82.15 "T" intersection. Tum left (east). 
82.35 "T" intersection. Tum right (south). 
83.65 "Three-way" intersection. Tum left (east). 
85.80 STOP 14. Flood levee. Note outcrops of White Cloud 
channel sandstones across Big Nemaha River. 
86.10 Cross Big Nemaha River. Note confluence with Missouri 
River. 
87.60 STOP 15. After viewing stop 15, return to Falls City. 
103.05 In Falls City, Junction of U.S. Highway 73 and 159. Go 
about 6 miles north (right). 
109.05 Highway 73 heads west (left). 
112.55 Junction U.S. Highway 73 and Nebraska State Highway 
67. Tum north (right) and continue for 8 miles. 
120.55 Junction of highway 67 and state spur S64E. Tum east 
(right) and continue 6 miles to Indian Cave State Park. 
126.55 Entrance to Indian Cave State Park. Continue on park 
road for about 2.8 miles to main outcrop area. 
129.35 STOP 16. End of trip. Drive Carefully! 
Appendix III 
Glossary 
Affinities: in biology, the relationship that exists between 
two individuals or groups of individuals that closely resemble 
one another but that do not belong to the same taxon; 
dependent on resemblance in the whole plan of structure 
and indicating community of origin. 
Alluvium: stream-carried deposits such as silt, sand, and 
gravel. 
Ammonoid: an order of extinct cephalopods, character-
ized by an external shell that is symmetrical, chambered and 
coiled. 
Amphipod: any crustacean belonging to the order Am-
phipoda, characterized by fixed eyes and iack of a carapace 
(see below). 
Anaerobic: lacking oxygen. 
Anadromus: returning from the sea to freshwater to spawn, 
like Pacific salmon. 
Anoxic: pertaining to an environment, such as a sea floor, 
lacking oxygen, thus unable to support life. 
Anticline: a fold in bedded rock in which the beds dip 
(slant) away from one another. 
Arthropod: any organism belonging to the phylum Ar-
thropoda, characterized by a segmented body, jointed legs, 
a digestive tract and, in most cases, a chitinous shell that is 
periodically molted to allow growth. Modem-day arthropods 
include: spiders, insects, crustaceans, scorpions and hor-
seshoe crabs. 
Bactritoid: a straight cephalopod (see below) belonging 
to the subclass Bactritoidea, characterized by a shell of rel-
atively uniform shape, having a small globular to oval-shaped 
protoconch and a much larger cone-shaped, actual conch. 
Bellerophontid: a genus (the type of the family Bellero-
phontidae) of extinct Paleozoic gastropod mollusks having 
a somewhat coiled, plain spiral shell. 
Benthic: pertaining to the sea floor. 
Bioturbation: the mixing of sediments by living organisms 
such as worms, clams, or arthropods that make burrows in 
soft sediment. 
Bivalve: any animal with a two-valved shell, such as a 
clam, mussel or oyster. 
Boundary: a specific point in a specific sequence of strat-
ified rock that serves to separate time units, for example, the 
Pennsylvanian-Permian boundary. 
Brachiopod: any marine, bivalve animal having shells un-
equal in size and shape. 
Brackish: water with a salinity (salt content) between that 
of freshwater (0-5 parts per thousand) and normal marine 
water (35 parts per thousand). 
Brecciated: pertaining to sedimentary rocks that are made 
up of largely angular fragments. 
Bryzoan: a minute animal of the phylum Bryzoa, com-
monly called moss animals because the colonies they form 
and live in resemble small clumps of moss. 
Byssus: the temporary attachment of a bivalve to an ob-
ject, composed of many thread-like ligaments secreted through 
the valves. 
Calcareous: rocks that contain up to 50 percent calcium 
carbonate, such as calcareous shale or calcareous sandstone. 
Calcisponge: a sponge with a skeleton of spicules com-
posed of calcium carbonate. 
Carapace: a bony or chitinous shell covering the back of 
an animal, such as the shell of a crab or the dorsal shell of 
a turtle. 
Carbonate: a mineral that contains the carbonate ion, 
such as calcite, calcium carbonate; also a term used loosely 
to describe limestones. 
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Catadromus: returning to the sea from freshwater to spawn, 
like the European eel. 
Cephalopod: any marine mollusk belonging to the class 
Cephalopoda, characterized by a well developed head and 
eyes, strong tentacles equipped with suckers and either an 
external or internal shell. 
Chert: a hard, compact layer of sedimentary rock, com-
monly called flint. 
Chondrichthyes: a class comprising cartilaginous fishes 
with well-developed jaws and including the sharks, skates, 
rays, chimaeras, and extinct related forms. 
Cladodont: pertaining to a genus of primitive Carboni-
ferous sharks distinguished by teeth with a tall central cusp, 
a broad base, and one or more pairs of lateral tubercles. 
Clastic: a rock made up of fragments (clasts) of pre-ex-
isting rocks, such as sandstones that are made up of frag-
ments derived from igneous rocks such as granite. 
Clastic wedge: clastic sediments in a marine basin that 
are derived from a nearby land mass and form a wedge-
shaped deposit of variable size. 
Clay: a rock or mineral fragment of any chemical com-
position that has a diameter smaller than 11256 of a milli-
meter (4 microns or 0.00016 inch). This approximates the 
upper size limit of particles shOwing colloidal (pertaining to 
fine-grained material in suspension) properties. 
Commensalism: the act of one organism taking residence 
upon another living organism, such as a worm building its 
tube on a clam shell. Contrast with parasitism (see below). 
Conodont: a small, tooth-shaped fossil of uncertain origin, 
relatively common in the Pennsylvanian and Permian rocks 
of Nebraska. 
Conulariid: any member of the extinct phylum Conular-
iida, characterized by a four-sided, pyramid-shaped outer 
covering. 
Copepod: any minute, aquatic crustacean belonging to 
the subclass Copepoda, characterized by compound eyes 
and the lack of a carapace (see above). 
Coprolite: fossilized excrement of vertebrates, a good 
source of information about the food sources of extinct an-
imals. 
Coquina: a sedimentary rock composed of shell fragments 
that have been size-sorted by currents and transported to 
the site of deposition. 
Contact: a specific point in a specific sequence of stratified 
rock that separates rocks of differing litholOgies (for example, 
limestone/shale) or differing ages (PermianlPleistocene). 
Continental rocks: rocks derived from sediments depos-
ited on land rather than a sea floor. 
Crenulated: pertaining to small, rounded projections 
forming a distinct edge. 
Crinoid: a usually stalked echinoderm characterized by a 
crown attached to a somewhat flexible stem. 
Cross-bedded: pertaining to individual beds in a stratified 
rock sequence that are at angles to the main plane of strat-
ification. 
Crystalline: a rock that consists wholly of crystals or crystal 
fragments. 
Cycle: a series of normally recurring events that returns 
to a specific starting point and is repeated in more or less 
regular intervals. 
Cyclic sedimentation: a term used for deposition of sed-
iments that show a repetitive sequence of conditions. 
Cyclothem: a cycle of sedimentation. 
Dermal ossicles: scales of sharks and rays. 
Detritus: a collective term for loose rock and mineral ma-
terial that is worn off or removed directly by mechanical 
means, as by disintegration or abrasion. 
Diastrophic: adjective pertaining to all movements of the 
earth's crust, including formation of mountains and ocean 
basins. 
Disaggregate: to separate a rock sample into its com-
ponent parts, either chemically or mechanically. 
Dysaerobic: deficient in oxygen. 
Echinoderm: any member of the phylum Echinodermata, 
a group of exclusively marine animals that have a water-
vascular system, which circulates water and assists them in 
both feeding and locomotion. Examples of echinoderms in-
clude sea urchins, star fish, brittle stars, sea cucumbers, heart 
urchins, sand dollars, cystoids, blastoids and crinoids. 
Echinoid: any echinozoan belonging to the class Echi-
noidea, characterized by a modified spherical shape, inter-
locking calcareous plates, and movable appendages; a sea 
urchin. 
Emergent: above sea level or not under water. 
Eolian: wind-blown deposits such as the modem Sand 
Hills or the loess bluffs near many large river valleys. 
Epeiric: situated on a continental shelf or a continental 
interior. 
Estuarine deposit: sediments laid down in an estuary (see 
below) by streams; may include conglomerates, sands, grav-
els, and siltstones or silty shales, as well as organic debris. 
Estuary: a water passage, such as the mouth of a river, 
where the tide meets the current of a stream. 
Eurypterid: an extinct order of merostomes (see below), 
characterized by a body tapered toward the abdomen and 
six pairs of appendages; one pair was flattened and served 
as paddles for swimming. 
Eustatic: .pertaining to world-wide changes in sea level 
that affect all oceans simultaneously. 
Fauna: all the animals occupying any area. 
Faunal: pertaining to fauna, that is, animal life. 
Fissile: the ability of some shales to break into large pieces 
that have well-defined, thin layers. 
Flora: all the plants occupying an area. 
Foraminifer: any protozoan belonging to the order For-
aminiferida, characterized by the presence of a test (external 
shell or other hard covering) composed of agglutinated par-
ticles of a secreted calcite (and rarely of silica or aragonite) 
and commonly found in marine to brackish waters from the 
Cambrian to the present. Precambrian forms and some fresh-
water forms also are known. 
Formation: a body of rock identified by lithologic char-
acteristics or stratigraphic position; it is mappable at the sur-
face and traceable through the subsurface. 
Fossiliferous: containing fossils. 
Fusulinid: any fossil protozoan belonging to the order 
Foraminfera, characterized by a hard, external shell. Their 
shells make up as much as 70 percent of some limestones. 
Gastropod: any mollusk of the class Gastropoda, char-
acterized by a univalve shell without chambers, a distinct 
head, eyes and tentacles, such as a snail. Some Gastropoda 
lack shells, such as slugs. 
Geode: a hollow or partly hollow, hard, globular body, 
usually from about 2.5 to 30 cm or more in diameter found 
in certain limestone beds and, rarely, in some shale beds, 
characterized by a thin and sometimes incomplete outermost 
layer of chalcedony, by a cavity that is partly filled with a 
lining of inward-projecting crystals deposited from solution 
on the cavity walls, and by evidence of growth by expansion 
in the cavities of fossils or along fracture surfaces of shells. 
Gill raker: one of the bony parts on the inside of the 
brachial arches of fishes that help to prevent solid substances 
from being carried out through the brachial clefts. 
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Glacial pavement: a polished, striated and relatively 
smooth rock surface produced by glaCial abrasion. 
Gondwanaland: a Late Paleozoic continent of the South-
ern Hemisphere; also Gondwana. 
Goniatite: an ammonoid characterized by a coiled shell 
and mildly undulating sutures. 
Hardground: a zone beneath the sea bottom, usually a 
few centimeters thick, the sediment of which is lithified to 
form a hard surface layer. The surface may be encrusted, 
discolored, hardened, bioturbated, bored, or solution-rid-
den, indicating a break in sedimentation or unconformity. 
Holothurian: any cylindrical echinozoan, usually free-liv-
ing, belonging to the class Holothuroidea, and characterized 
by the absence of an articulated test (external shell or other 
hard covering) and by the reduction of skeletal parts to mi-
croscopic sclerites (see below); a sea cucumber. 
Honeycomb: a honeycomb-like structure sometimes seen 
in soil and rock, caused by a type of chemical weathering 
in which the decomposition of individual mineral grains forms 
a series of small pits. 
Hypercyclothem: a term proposed by Weller (1958) for 
a great cyclic sequence conSisting of four megacyclothems. 
Intraclast: a rock fragment that has been tom up and 
reworked in contemporaneously deposited sediment. 
Invertebrate: an animal without a notochord or spinal 
column. 
Lateral persistence: a stratigraphic unit that is traceable 
over a broad geographic area. 
Limestone: a sedimentary rock conSisting of 50 percent 
or more calcium carbonate, principally as calcite. 
Limonite: a hydrated oxide of iron having the approximate 
formula 2Fe20 3.3H20; often a weathering product of the iron 
sulfides pyrite, or marcasite. 
Lithification: the conversion of newly depOSited, uncon-
solidated sediment into a solid, coherent rock by such pro-
cesses as compaction and cementation or crystallization of 
minerals; also lithifaction. 
Lithologic: pertaining to lithology (see below). 
Lithologic boundary: a boundary in any stratigraphic sec-
tion that may be sharp and easily recognized, indicating a 
pause in sedimentation, or that may be gradational and 
somewhat arbitrary, indicating continuous sedimentation. 
Lithology: the physical character of a rock formation de-
scribed in terms of its structure, texture, color, and mineral 
composition. 
Loess: a widespread, homogeneous, porous, friable, wind-
derived sediment that consists mainly of silt-sized particles. 
Lophophore: the feeding mechanism of a brachiopod, 
capable of extracting suspended microorganisms from water. 
Lungfish: a fish of the order Dipneusti or Cladistia that 
breathes by a modified lunglike air bladder, as well as with 
gills. 
Marcasite: orthorhombically crystallized iron sulfide. 
Megacyclothem: a cycle of cyclothems. 
Member: a lithologic unit subordinate to and comprising 
a specifically developed part of a formation. 
Merostome: member of the class Merostomata, primitive 
aquatic arthropods that breathe through gills and have seven 
pairs of locomotory and feeding appendanges, includes 
horseshoe crabs and eurypterids. 
Micaceous: containing the mineral mica. 
Mollusk: any invertebrate of the phylum Mollusca, char-
acterized by a soft, unsegmented body, unsegmented ap-
pendages and, commonly, a protective shell. 
Myalinid: a fossil bivalve with a sharply pointed beak, a 
short hinge line, and a semi-oval shell that probably preferred 
quiet water. 
Mytilid: any bivalve mollusk of the family Mytilidae, char-
acterized by an equivalve and elongated shell. 
Nautiloid: any cephalopod with a straight, cUlVed or coiled 
chambered shell and straight sutures. 
Oncolite: a small, often spheroidal, concentrically lami-
nated, calcium-carbonate sedimentary structure formed by 
the buildup of layered masses of gelatinous sheaths of blue-
green algae; generally not more than 10 centimeters in di-
ameter. 
Oolitic: pertaining to oolite, a sedimentary rock made up 
of round to oval accretionary bodies with diameters ranging 
from 0.25 to 2 millimeters and usually formed of calcium 
carbonate. 
Operculum: the opening on a shell. 
Orogeny: the process of mountain building. 
Ostracode: any minute, aquatic crustacean belonging to 
the subclass Ostracoda, characterized by a bivalve shell hinged 
along the dorsal side; also Ostrocod. 
Paleosol: an ancient soil horizon. 
Paleoecology: the study of the relationships ancient plants 
and animals had to one another and their environments. 
Paleogeography: study, description, and interpretation of 
the physical geography of the geologic past. 
Parasitism: the act of one organism establishing itself upon 
or within a host organism and feeding off its host. Contrast 
with commensalism (see above). 
Pedicle: the muscular appendage of a brachiopod, used 
to attach the animal to a surface. 
Pedicle opening: part of the shell of a brachiopod through 
which the pedicle emerges. 
Pedogenic: pertaining to soil formation. 
Pelagic: a) pertaining to the water of the ocean as an 
environment. b) said of marine organisms whose environ-
ment is the open ocean, rather than the bottom or shore 
areas. 
Pelletal: made up of pellets. 
Petalodont: an elasmobranch (chondrichtyes, see above) 
of the family Petalodontidae, a family of Carboniferous elas-
mobranchs (subclass: Holocephali) related to rays and hav-
ing peculiar flattened petaloid teeth and greatly enlarged 
pectoral fins. 
Photosynthesis: the process by which plants convert car-
bon dioxide into starches and sugars in sunlight. 
Phyllocarid: any crustacean of the subclass Phyllocarida, 
characterized by a large, bivalve carapace that encloses the 
head and thorax of the animal. 
Phylloid: a plant part functioning as a leaf. 
Primibrachial: proximal (nearest) plate of a criniod arm. 
Pyrite: isometrically crystallized iron sulfide. 
Red bed: a sedimentary rock layer composed largely of 
sandstone and shale, deposited in continental environments. 
These layers are predominanty red in color. 
Regression: the withdrawal of a sea from a continent. 
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Root mottled: bearing molds of plant roots. 
Scaphopod: any benthic (see above), marine, univalve 
mollusk belonging to the class Scaphopoda, characterized 
by an elongated body completely surrounded by a mantle 
and a tubular, calcareous shell open at both ends. 
Sclerite: a hard chitinous or calcareous plate, piece or 
spicule. 
Sediment: solid, fragmental material or dissolved rock ma-
terial that originates from decompOSition of rocks and is trans-
ported to a basin of depOSition by wind, water, or ice. 
Sessile: pertaining to a plant or animal attached to a base 
and not free to move. 
Shale: a fine-grained sedimentary rock with particles con-
sisting of silt and clay. 
Spirorbid: a kind of worm with a spiral, snail-like shell. 
Stage: a unit of geolOgical time of lesser duration than an 
age. 
Steinkern: a fossil formed when sediment or mud enters 
a hollow natural object (such as a bivalve shell), is conso-
Iodated, and remains as a cast after the object dissolves. 
Stephanian: a European geologic stage that corresponds 
approximately to the upper Carboniferous (Pennsylvanian). 
Strophomenid: any brachiopod belonging to the order 
Strophomenida, characterized by flattened valves with long 
hinge lines. They probably remained immobile in the bottom 
muds. 
Subaerial: in open air or immediately adjacent to the land 
surface. 
Submarine deposit: a sedimentary deposit formed under 
marine water. 
Syncline: a fold in bedded rock in which the beds dip 
toward one another. 
Till: unsorted, unstratified glacial deposits. 
Tillite: a sedimentary rock, formed when unconsolidated 
sediments are consolidated into solid rock under the influ-
ence of a glacier. 
Transgression: the encroachment of the sea upon a con-
tinent. 
Trilobite: any marine arthropod belonging to the class 
Trilobita, characterized by a three-lobed, oval-shaped or el-
liptical outer skeleton consisting of a head, thorax, and py-
gidium, of which the first is covered by a continuous shield. 
Type section: a reference section from which a strati-
graphic unit derives its name. 
Unconformity: a substantial break or gap in the geologic 
record in which a rock layer is not overlain by another that 
is in stratigraphic succession; that is, a surface of erosion or 
non-deposition. 
Unit: loosely used term to denote any stratigraphic sub-
division. 
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Stop 2 (figs. 9, 10, 33a) 
Section about 3 miles south of Hum-
boldt, along west line, NW 114 NW 11 
4, sec. 27; SW 114 SW 114 SW 114 sec. 
22; and along east line, NE 114 SE 11 
4 SE 114, sec. 21, T. 2 N., R. 13 E., 
Richardson County; based on meas-
urements by Avers (1968), Burchett 
(1987), and Pabian and Diffendal 
(1989); elevation, top of Brownville 
limestone (horizon 7): 1,026 feet. 
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Stop 10 (figs. 18, 33b) 
Section in roadcut about 8 miles south 
of Humboldt, NW 114 SW 114, sec. 15, 
T. 1 N., R. 13 E., Richardson County, 
after Holterhoff and Pabian (1989). 
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Stop 11 (figs. 19, 33c) 
Section in roadcut about 8.5 miles south 
and 1.25 miles east of Humboldt be-
tween SE 114 SE 114, sec. 15 and NE 
114 NE 114, sec. 22 and SW 114 SW 11 
4 sec. 14 and NW 114 NW 114, sec. 23, 
T. 1 N., R. 13 E., Richardson County; 
horizons 1 through 26 measured by Pa-
bian (1970); measurements for hori-
zons 27 through 43 after Avers (1968); 
elevation, base of Salyards Limestone 
(horizon 12): 1,123 feet. 
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Stop 12 (figs. 20, 33d) 
Section about 8 miles south, 1 mile east, 
and 1. 75 miles north from Humboldt 
along EL NE 114 sec. 3, T. 1 N., R. 13 
E., on west side of county road, Rich-
ardson County; elevation, top of Cot-
tonwood Umestone (horizon 14): 1,135 
feet. 
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Stop 4 (figs. 12, 33e) 
Section in roadcut on Nebraska State 
Highway 105, about 6.5 miles south of 
Humboldt, beginning near the C WL 
SW 114 NW 114, sec. 10, T. 1 N., R. 
13 E., and ending near the C EL NE 
114 SE 114, sec. 9, T. 1 N., R. 13 E., 
Richardson County; elevation, top of 
Brownville limestone, at NW cor., SW 
114, sec. 10 (horizon 23): 1,152 feet. 
I 
~ 
" 0 
CO 
~ 
~ 
c 
" 0 
~ 
~ 
-
U> 
I~ 
> 
~ 
ci: 
F 
~ lITHOLOGY I 
~ .~ =--=- R-Br 
N 0 - - Gn 
- ;- --
~ 1~;~;G~98 ~ r ~ 
"-
Conservation and Survey Division, 
IANR, test hole 13-78, SE 114, SW 11 
4, SE 114, sec. 9, T. 1 N., R. 13 E., 
Richardson County, after Burchett and 
Arrigo (1978). 
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Stop 5 (figs. 13, 33g) 
Sec.tion in roadcut about 7 miles south 
and 3 miles west from Humboldt on 
north side of State Highway 8 in the SE 
114 SW 114 NE 114, sec. 18, T. 1 N.; 
R. 13 E., Richardson County; elevation, 
top of Dover Limestone (horizon 1): 
1,055 feel / 
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Stop 3 (figs. 11, 33h) 
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Section about 4.5 miles south, 1 mile 
west, and 0.25 mile south from Hum-
boldt in roadcut between SE 114 NE 11 
4, sec. 32 and SW 114 NW 114, sec. 
33, T. 2 N., R. 13 E., Richardson 
County; elevation, at base of Reading 
Limestone: about 1,008 feet. 
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Stop 6W, 6E (figs. 14, 33i, j) 
Section in the north side of a road cut 
about 4 miles, 2 miles west, 2 miles 
south, and 0.25 mile east of Humboldt, 
in SW 114 SE 114 SW 114, sec. 5, T. 1 
N., R. 13 E., Richardson County; ele-
vation, top of Elmont Limestone (ho-
rizon 5, stop 6W; horizon 3, stop 6E): 
1,008 feet. 
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Stop 8 (figs. 16, 33k) 
Section in emergency spillway for dam 
across Lore's Branch, about 0.5 mile 
north, 2.5 miles west, and 0.25 mile 
north of Du Bois in NW 114 SE 114 SE 
114, sec. 17, T. 1 N., R. 12 E., Pawnee 
County; elevation, top of Elmont-Read-
ing (horizon 15): 1,128 feel 
/ 
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From test hole drilled by the U.S. De-
partment of Agriculture Soil Conser-
vation Service in SE 114, sec. 17, T. 1 
N., R. 12 E., Pawnee County. 
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Stop 9 (figs. 17, 33m) 
Section in roadcut about 0.2 mile south 
and 1.5 miles west of Du Bois in SE 11 
4 SW 114 SE 114, sec. 21, T. 1 N., R. 
12 E., Pawnee County; elevation at top 
of Elmont-Reading about 0.15 mile 
south in draw (horizon 13): 1,149 feet 
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Stop 1 (figs. 8, 33n) 
Section in roadcut about 2.5 miles 
southeast from Table Rock, in approx-
imate SE 114 SE 114, sec. 3, T. 2 N., 
R. 12 E., Pawnee County; elevation, 
base of Rulo Limestone (horizon 9): 
1,083.5 feet. 
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--Stop 14 (figs. 14, 330) - __ 
Section 1.5 miles south and 2.5 miles 
east of Rulo, in NE 114 NW 114 and 
NW 114 NE 114, sec. 27, T. 1 N., R. 18 
E., Richardson County; after Condra 
(1927). Note that unit 2 here correlates 
with unit 9 at stop 1. 
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Stop 7 (figs. 15, 33p) 
Section about 0.5 mile north and 0.5 
mile east of Du Bois, on Roy Farwell 
farm, measured in the west bank of a 
stream 150 feet south of the bridge in 
NW 114 NW 114 NE 114, sec. 23, T. 1 
N., R. 12 E., Pawnee County; section 
measured by R. F. Diffendal, Jr. in Dif-
fendaJ and Pabian (1989); elevation, top 
of Howard Limestone (horizon 10): 
1,029 feet. 
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Localities 
2, 4, 10, 11,12 
Localities 
4, Test Hole, 3, GE, GW, 
8, Test Hole, 9, I 
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Fig. 33. Correlation chart of exposed rocks 
and drill test holes in Pawnee and Rich-
ardson counties. Sections measured by the 
authors unless otherwise indicated. a) Stop 
2, section by R. R. Burchett and authors. 
b) Stop 10, section after Holterhoff and 
Pabian (1989). c) Stop 11, units 1-26 by 
Pabian (1970); units 27-43 after Avers 
(1968). d) Stop 12. e) Stop 4. f) Conser-
vation and Survey Division test hole 13-
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78, after Burchett and Arrigo (1978). g) 
Stop 5. h) Stop 3. i) Stop 6W. j) Stop 6E. 
k) Stop 8, after Huscher and Pabian (1989). 
l) Drill test hole by USDA Soil Conservation 
Service (SCS) for Iron Horse Lake Dam, 
section by SCS geologists. m) Stop 9, after 
Pabian and Huscher (1989). n) Stop 1. 0) 
Stop 14, after Condra (1927). p) Stop 7, 
section by R. F. Diffendal, Jr. in Diffendal 
and Pabian (1989). 
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